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PREFACE BY THE AMERICAN EDITOR. 



In submitting to the An^prican reader the second volume of 
Weisbach's Mechanics of Machinery and Engineering, we cannot, 
perhaps, better express our own appreciation of the value of this 
part of his labors, than by citing a passage from the advertisement 
of the English translator, Prof. L. Gordon. 

^^ The usefulness of this second .volume will be manifest from the 
practical interest and importance of the subjects treated. The first 
part of the volume, though far from giving a complete theory of 
engineering and architectural construction, brings many important 
questions of practice before the student in a simple form, and in a 
light by which he will more readily recognize the bearings of the 
mathematical calculations on this subject, than has been usually the 
case in English works. The second part of the volume contains 
the only Theoretical Treatise on Water Power of the least practical 
value hitherto printed in the English language. The real import- 
ance of such a treatise will be variously estimated ; but as it is the 
first publication in which a systematic attempt is made to familiarize 
English Machinists with the application of exact reasoning in deve- 
loping the theory of the machines treated of, it is believed that it 
must be interesting to them, and if so, it cannot fail*to be useful 
likewise." 

The most available treatise on the numerous forms of reaction 
wheels, and other turbines to which the American student has access, 
is believed to be embraced in this volume. The author, it may be 
observed, has not contented himself with giving a general theory on 
that subject, but by skillfully analyzing the several effects produced, 
and computing separately the prejudicial and the useful resistances 
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to the action of the water, has presented conclusions challenging the 
highest confidence, especially as they stand confirmed, in most cases, 
by the results of numerous direct experiments. 

In reference to the water-pressure engine, also, it may be said that 
the present volume will afford to the American student the most 
direct and positive information as to the useful application of water 
in that species of motor. 

In the original work of Prof. Weisbach, the second volume em- 
braced the science applicable to the steam engine, but as that sub- 
ject has now assumed so distinct an importance, and as its numerous 
topics and improvements could scarcely be presented with sufficient 
clearness, in a less space than an entire volume, it has been deemed 
expedient, in imitation of the English translator, to reserve that 
branch of the mechanics of engineering for a separate treatise. 

In assigning to their appropriate chapters the additions of the 
translator, which had in the English edition been thrown into the 
form of an appendix, we have been guided by a desire of rendering 
the work more serviceable to the student, by placing before him the 
whole matter pertaining to each branch under its appropriate head. 

We have added a few articles particularly relating to the strength 
of materials, which, we hope, may not be found uninteresting to the 
student. Indeed, when we take into view the lamentable, and often 
wilful and obstinate disregard of the truths which science has elicited 
relative to this department of our subject ; when we see machines 
and engines intended to perform the most powerful operations, and 
edifices, or monuments, designed to endure for ages, constructed of 
materials, either utterly worthless, or, at best, of very inferior cha- 
racter and djirability, or containing in their composition the elements 
of weakness and decay, we may estimate, with some justness, the 
importance of those researches and computations, which prove what 
may be expected from the employment of good or bad materials 
respectively, for any of the purposes of the architect and engineer. 

The fact that the public has often been basely imposed upon by 
reason of employing as architects and engineers those who would 
pander to the cupidity of contractors for materials and labor, and 
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erect public works wholly discreditable to the natioD, is an additional 
reason why works, written for the purpose of imparting correct 
information on the physical properties and the relative values ^of 
materials, ought to be diligently studied by those who desire correct 
and reliable knowledge. 

The list of illustrations which we have added will much facilitate 
reference to the several topics to which they relate, and the execu- 
tion of the cuts, with the creditable manner in which they have been 
used by the printer, will be sufficiently apparent to the most casual 
observer. 

WAtBiveToir, Juguti, 1849. 



AUTHOR'S PREFACE. 



In writing this, the second volume, I have adhered as closely as 
possible to my views of what the work should be, as explained in 
the preface to the first volume. 

I am aware that these views are not adopted by all who are 
capable of judging in the matter, and that a more general and 
mathematical treatment of the subject would have been preferred by 
many. But I have now long experience in teaching to fall back 
upon, and am thereby convinced, that the comparatively elementary 
style adopted as it can be followed by those who have not made 
extensive mathematical acquirements, will more surely lead to the 
introduction of applications of Mechanical Science in the routine 
practice of engineers, than the more general methods of treating 
these subjects have done. 

A basis on true principles and established facts, and simplicity in 
the method of analysis, are the main requisites in a work intended 
for the instruction and guidance of practical men. And it is chiefly 
the want of these, in technical literature, that has retarded the 
introduction of science amongst those engaged in the execution of 
works, and the erection of machinery. If in evolving rules of art, 
imperfect facts be assumed, or unwarranted hypotheses be adopted — 
if the essential be not distinguished from that which is merely col- 
lateral, and if important considerations be neglected, it cannot be 
expected that the rules deduced, however correct the process of 
deduction, will be available for any useful application. But this is 
no uncommon ^ault. Authors forget that the mathematics can only 
guide our ideas, and not give us any : and thus, in admiration of 
their analytical processes, they often overlook the worthlessness of 
the premises. Hence it arises that practicians not unfrequently 
reproach theory as valueless, whilst it is, in reality, the facts of the 
case that have been erroneously stated or applied. Besides, it is 
not an easy matter to deduce rules of art by the principles of 
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science ; for this requires not only an intimate acquaintance with 
the subject investigated, but generally requires special observations 
or experiments to be made, in order to create the fact%^ so to speak, 
that are to be reasoned upon and reduced to a theory which shall 
interpret them. 

In this second volume of his work, the Author has done his utmost 
to develop theories that will be found applicable in practice — to 
furnish the guide above alluded to — well aware, however, that his 
endeavors have only imperfectly succeeded. 

This volume is divided into two parts ; the first, the application 
of Mechanics in Construction, and the other to the theory of Ma- 
chines recipients of Water and Wind Power. The Author regrets 
now his not having entered more at large into a discussion of the 
theory of the construction of wooden and stone bridges, and more 
particularly not to have been able to avail himself of the information 
contained in Ardant's Etudes %ur V 6tdbli8%ement des charpentes d 
grande partSej as this subject is, in these times of railway extension, 
of especial importance (in Germany). 

The second part of the volume is as concisely written as was con- 
sistent with the object I had in view. I now regret having been so 
brief on the important subject of Dynamometers. The chapter on 
Turbines jnay appear to some to err in excess, from my having given 
the details of the theory and construction of the 0I4 impact and 
pressure turbines ; but I consider that it is important to be aware of 
the faults or imperfections of one construction of a machine, in 
order fully to appreciate the improvements introduced in a more 
perfect one. Again, the application of Water-pressure Engines, 
being almost entirely confined to the Mining Engineer's province, 
the fullness with which I have treated this engine may appear to 
exceed its relative importance. The circumstance, however, that 
there is no work in any language, that I am aware of, treating of 
these engines, must be my apology for attempting to fill that gap in 
technical literature. 

I hope soon to preface a volume, containing a Treatieie on Me- 
chanism, and on the principle OperatorSy or machines performing 
various mechanical operations. 

JULIUS WEISBACH. 

Fkkibbb», DeeembeTj 1847. 



TABLE OF CONTENTS 



PAGI 

Preface by the American Editor v 

Author's Preface ix 



SECTION I. 

THE APPLICATION OF MECHANICS IN BUILDINGS. 

CHAPTER I. 
The eqnilibrinm and pressure of semi-fluids 13 

CHAPTER n. 
Theory of arches . • 27 

CHAPTER m. 

Theory of framings of wood and iron 40 

Strength of materials 68 



DIVISION II. 

APPLICATION OF MECHANICS TO MACHINERT. 

Introduction 99 

Bigidity of cordage 102 



XU CONTENTS. 



PJL»B 

SECTION II. 

OF MOYINQ POWERS, AND THEIR EFFECTS. 

CHAPTER I. 
Of the meaaure of moving powerS; and their effects .... 105 

CHAPTER n. 
Of animal power, and its recipient machines . . .121 

CHAPTER m. 
On collecting and leading water that is to serve a power . 135 

CHAPTER IV. 
Of vertical water wheels 164 

CHAPTER V. 
Of horizontal water wheels 228 

CHAPTER VI. 
Water-pressure engines 298 

CHAPTER Vn. 
On windmills 341 



LIST OF ILLUSTKATIONS. 



** FJLOB 

1. Angle of repow of disintegrated masses ..... 13 

2. Theoij of the pressure of earth --•..• 14 
S. Surcharged masses of earth ...... 17 

4. Retaining walls ..^-•..•IS 

5. Slipping of walls . . •• . . . * '• 10 

6. Resistanoeof earth .......20 

7. Depth of firandatians ..••.••21 

8. 9. Heeling of retaining walls ...... 22 

10. Retaining walls with batter * - ' - - . .26 

11, 12. Dislocation of arches by slipping of voossoirs • - - 28 

18. line of pressure and resistance . . . ' . .28 

14, 15, 16. Dislocation of arches by rotation ... • • 29 

17, 18,10, 20. -Equilibrium in Teference to rotation . - . -80 

21. Stability of abutments .......3]^ 

22, 23. Loaded arches -•..-.. 33 

24. Test of the equilibrium of arches ..... 34 

25. Semieifcular arches -•>•... 36 
26, 27, 128, 29. 30. Theory of fiamings of wood and iron - - 40, 41, 42 
31, 32, 33. Thrust of roofs • - . - . . - 42, 43 
84. <}empoand roofs •.•.....44 
80^ 36. Suppoited rafters - • • - • • 45, 46 
87. King poets .•.-•••••46 
36, 30, and 40. Trusses • • - - . - -47,48 
41, 42, 43, 44, 45, and 46. Timber bridges .... 48,49,50 
47. Roofs .•••....«5o 
48, 49, 60,'51, 02, 59, 54, G5,-56, 97^ and 58. Posts • - - 66, 62, 53 

59, 60, tSl. Braces or struts ....•.•54 
66, 63, 64, 65, 66. Compound beams ..... 55, 56 
67. Lattioe-framed beams • - .«. . 56 

66,69, 70. 'Onrved beams 56,57 

71, 72, 73, 74, 75, 76, 77, 78, 79. Chain or suspension bridges • 59 to 62 

60, 81. Piers and abutments ...... 66 and 67 

62. Tenacity of iron, treated by thermotension . • • - 74 

63. Conway ttfbulat bridge • • -'- • •82 

64. 85, 86, 87, -88, 89. Tubuhu bridges, detailed oonstroctton of 84, 85, 91, 92, 93 
90, 91. Useful and prejudicial resistance - • - • 101, 103 
92, 93, 94. Common balance ....... 106 

95, 96, 97, 98. Unequal armed balances • • - - 110 4o lU 
^, 100, 101. Weigh bridges 112 to 113 

VOL. IL — 1 



XIV 



LIST OF ILLUSTRATIONS. 



vo. 


] 


PA»I 


102. George's weighing table • 


■ . • • . 


115 


103, 104, 105, 106, 107. Index batanoet, or sprin 


g balances - • 116 to 118 


108, 109, 110, 111. Friction brake 


119 to 121 


112 Dolly .... 




123 


1 13, 1 14. Diagrams of Booguer's formnla 




124 


115, 116, 117. Levera . . . . 


127, 


,128 


118, 119, 120, 121. Windlass - 


129 


,130 


122. Yertioat capstans . . . . 




131 


123. Horse capstans ... 




131 


124, 125. Diagrams explanatory of horse gins - 




132 


126, 127, 128. Tread wheels - 




133 


129. Movable inclined plane 




134 


130, 132. Construction of wein 




137 


131. OyerfaU weir . . . , 




137 


133. Manner of constmcting wooden wein 




138 


134. Slaioe . . . . . 




138 


135, 136. Height of swell 




139 


137, 138. Diagrams of back water 




141 


189, 140, 141, 142. Discontinuous weire 


142, 


143 


143. Amplitude of the back water 




144 


144, 145. Backwater swell 


147, 


148 


146, 147. Dams 


148, 


,149 


148. Cross section of dykes 




150 


149. StabiUty of dykes . . . . 




150 


150. Offlet sluices lor dykes 




152 


151, 162. Water leads . . . . 




154 


163, 154. Water tunnels 




154 


155, 156. Construction of water tubes • 




155 


157. Flood gates 




155 


158. Sjrphon for waste water • 




155 


159, 160. Sluices, . . . . 


157, 


.158 


161, 162, 163, 164, 165, 166, 167. Conduit pipei 




159 


168. Ventilator pipes . . . . 




160 


169. Waste cock . . . . 




160 


170. Forked pipes . . . . 




162 


171, 172. Overshot water wheels 




167 


173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 


183. Axles and gudgeons 170, 171 


,172 


184. Proportions of water wheels 




172 


185, 186, 187, 188. Form of backets - 


174 


,175 


189, 190, 191. Lin^of pitch of backets 


i76, 


,177 


192, 193, 194, 195, 196, 197, 198, 199. Sluices 


177, 178, 179, 


180 


200. Effect of impact . . . . 




181 


301, 202. Effect of water's heis^t 




183 


203, 204. Number of buckets - 


186, 


.187 


205, 206, 207. Effect of centrifugal foroe 


188,189 


308, 209. Useful effect of wheels 




192 


210, 211, 212. High-breast wheels 




196 


213. Breast wheel with inside sluice • 




197 


214, 215, 216. Overfall sluices - 




199 


217, 218. Penstock sluices 

• 




201 



LIST OF ILLUSTRATIONS. 



XV 



219, 
2233. 
324. 
225, 
337. 
32S. 
220. 
230. 
231, 
233. 
234, 
236, 
240, 
242, 
244. 
245. 
246. 
247. 
24& 
240. 
250, 
252, 
255. 
256. 
257. 
258. 
250, 
265, 
267. 
268. 
260. 
270. 
271, 
273. 
274. 
275, 
276, 
278. 
270. 
280, 
284, 
288, 
201. 
202, 
204. 
205. 
290, 
300, 
303. 
304, 



220, 221, 222. Construction of the curb 

Diftgrain of losses 

Efficiency of breast wheels, diagram 

226. Undershot wheels 

Wheel in straight course • 

Useful effiwt of undershot wheel 

Boat mill • - . 

Poncelet*s wheels - 

232. T^heory of Ponoelet's wheels 

Carved water coarse 

235. Small wheels 

237, 238, 230. Impact wheels 

241. Impact and reaction wheels 

243. Borda*s turbines 

Pit wheel - 

Burdin's turbines - 

Ponoelet's turbine • 

Danaides or pear wheel 

Biagnim representing the reaction of water 

Machine to measure the reaction of water 

251. Biagnuns illustrating reaotioa • 

253, 254. Reaction wheels 

WhiteIaw*B turbine ... 

Combe's reaction wheel ... 

Cadiat's turbine .... 

Redtenbacher's water-ti|^t joint - 

260, 261, 263, 263, 264. Fdurneyron's turbine 

266. CadiBt*s footstep for turbines • 

Theory of reaction turbines, diagram 

Sluices ibr turbines • -. - 

GuidoKmrves of Callon^s turbine - 

Sluice for impact and pressure turbines 

2TgL Diagrams to explain oonstmction of guide-corve turbines 

Whitelaw's turbines ... 

Comparison of turbines • • . • 

276. Fontaine's turbine ... 

277. Joikvars turbine ... 
Theory of Jonval's and Fontaine's turbine 
Construction of the backets 
281, 282, 283. Turbines with horizontal axes 
285, 286,^87. Water-pressure engines 
280, 200. Pressure pipes • 
Bend or knee piece 
203. The working piston - 
Compensation joint 
Pisian rod and stuffing-box 
207, 208, 209. Yalyes 
301, 302. Slide-piston volyes 
ValTe gear 
305. Coanter*baluioe gear 



202, 203, 205 
206 
210 
211 
213 
214 
216 
218 

210,221 
226 
227 
220, 280, 231 

232, 233 
234 
235 
236 
238 
230 
240 
241 
242 
242 
245 
246 
247 
247 
248 to 553 

253,254 
255 
264 
265 
266 

270, 272 
270 
281 
284 

285^ 286 
286 
200 

205,206 

208, 200 
300 
302 
302 
303 
304 

304,305 

306,307 
307 

308,300 



XVI 



LIST OF ILLUSTRATIONS. 



lio. 

906, S07, 4M)8. Auziliaiy water-engine TalTe fl^ur 

500, 310. The valve cylinders . • » 

Sll. Saxon water-pressure engine 

313. Huelgoat water-pressure engine * 

S13, 314, 315. Darlington's water-pressure engine 

S16, 317. Adjustment of the valves 

did, 319, 320. Chain wheels * 

Ml. Postmill * * - • • 

Sdd,'d33. Smockmills • • * - 

S94, 325. Regulation of the power 

3^6, 327, 328. Anemometers ^ • - 

S89. Dilhgmm representing the force of wind ^ 

Sd0,-381. Best angle of impulse 



TAB% 

811 to 313 

814 

816 

818 

31910 821 

382, 835 

4)39,340 

344 

845,846 

347, 348 

851, 852 

353 

354,356 



PRINCIPLES 



or 



THE MECHANICS 



OF 



MACHINERY AND ENGINEERING- 



SECTION I. 



THE APPLICATION OF MECHANICS IN BUILDING. 



CHAPTER I. 

OF THB EQUILIBRIUM AND PRESSURB OF SEMI-FLUIDS. 

. § 1. Sandj earthy et>m seeds, shot^ ^e* ^e.j may be considered as 
9emi-fluids* — They resemble fluids in so far as, like these, thej require 
external support that they may preserve a particular form. The 
mutual adhesion of the parts of semi-fluids is of course greater than 
in the case of water. Water always requires external support, 
while this is only the more frequent case with so called semi-fluids; 
and whilst water is in equilibrium only when its surface is horizontal, 
the disintegrated nouses or semi-fluids in question, may be in stable 
equilibrium, though their surface be inclined. 

If the parts of a disintegrated mass be connected by their mutual 
friction alone, the mass will be in equilibrium 
when its surface is not inclined to the horizon F>s- 1* 

at a greater angle than the angle of repose p 
(Vol. I. § 159). The natural slope of disinte- 
grated masses is determined by the angle of re- 
pose. If by the slope of a decliyity^j§. Fig. 1, 

we understand the ratio -of the base AO^h to 

a 

VOL. 11.— 2 
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the height CB^a, it is ey\A.mX\j^eotang. p, or, u tang, p is equal 

to the co-efficient of friction /,-=-. 
« 7 

According to Martony de KSezegh, the oaturftl slope of perfbctlj 
Ary soil, for example, ■- 1,248, and for moist soil >» 1,088. Hence, 
the angle of slope in the first case is — 39°, and in the second 43°. 

For very fine sand, the »hpe^\, therefore, the angle of slope 
» 31°. For rye seeds, the author foanil p««80°, for fine shot 
,, »> 25°, and for the finest shot p » 22|^°. 

Rtmark. EiperitncDU on the ilope of disinlegraled tnuMi are mads by heaping them 
up, aiul dretaiag tbero off rrom betovr upwanU. 

§ 2. Pretture of Earth. — If a disintegrated mass, such as earth, 
be supported by a retaining wall, it exerts a pressure (pouttie) 
against it, a knowledge of which is of importance m practice. Sup- 
pose a body of earth M, Fig. 2, supported by a retaining wall AC, 
the back of which is vertical. Take 
Fig. s. as a first ease that the earth and wall 

are the same height, and the earth's 
surface in no way extraneonsly loaded. 
Suppose that a wedge-shaped piece 
^i>£ separates from the general mass, 
and thus rests on the retaining wall on 
the one side, and on the earth on the 
other; put the height AD of the earth 
and wall — A, the density of the earth Jf ^ y, and the angle AED 
which the surface of separation AE makes with the horizontal im^. 
Let US consider a length of the maBS (at right angles to the plane of 
the figure) equal unity, then the weight of the wedge ADE: 

The vertical back AD is acted upon by the pressure SP^P at 
right angles to it ; and, therefore, it may be assumed that ui equal 
opposite horisontal pressure maintains the prism AI>E on the in- 
cuned plane. We know also fVol. I. § 159) that a force will be taken 
up by a body if its direction does not deviate from the normal to the 
plane of contact by more than the angle of repose, and we may, 
therefore, assume that the second component force A of G is taken 
up by the mass below AE, even supposing its direction to deviate 
from the normal SJf hj angle JUtV—p. ki JfSG — AED—^, 
we have BSG ■■ t — f, <ind, therefore, the horixontal pressure on 
the retaining wall P— G tang, (f — p), (compare Vol. I. § 162), or 
i> = J A* y cotg. t tang, (f — p). 

This force depends upon an unknown angle t, or upon the dimen- 
sions of the pnsm of pressure, and is thus different for difierent 
values of *, and a maximum for a certain value. If, now, ADE 
be the prism of greatest pressure, and ADO a prism exerting a 
less pressure, we nave in AEO a prism which requires no force to 
maintain it on its basis, but which would rather require some force 
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to pull it do'wnwardfl. And so for other wedges AOSy &o., into 
which we might divide AEF, because these rest on still less inclina- 
tions ; we may therefore assume, that by an opposite force equal to 
the mazimam pressure P, not only the prism ADJEj but also the 
prism below A£ and AHF^ is perfectly sustained, and that there- 
fore this maximum pressure is that which the retaining wall is sub-* 
jected to from the whole mass. 

§ 8. Prism of greatest Pressure. — ^We must now determine the 
prism of maximum pressure. We have manifestly only to determine 
that value of t for which cotang. t tang, (t — p) is a maximum. 

Now eotang. p tang, (t — \ ^ ^^»' V » 9) ^^^' p ^ ^md as this 

sin. (2 p — p) + sin. p 
fraction is greater, the greater sin. (2 1 — p) is, we shall have eotang. 
f tang, (t — p) a maximum when sin. (2 t — p) is a maximum, that 

is as 1, or 2 t — p « 90°, t. e. t =* 46° + ^. Hence we name the 

pressure of the earth against the retuning wall: 

P- J A» y eotang. UfP + tang. (45° —0, 

or since eotang. /45° + i j >■ tang. ^6° — M, 
P - i A« r Uang. (45° - J. 

The complement of f « 45° + L is DJ J?- 46° — ^ - ^^jT' 

>Bs one half of D^SF the complement to 90° of the angle of friction p. 
Therefore the surface AE of the prism of pressure bisects the angle 
DAF which the natural slope AF makes with the vertical AD. We 
can now very easily compare the pressure of a disintegrated or semi- 
fluid mass with that of water. In the latter the pressure \a ^ h? y^ 
(Vol. L § 276), when A ^ height, 1 s breadth of the pressed surface. 
In the case of earth, on the other hand, we have the pressure 

P-JA».r,[tenir.(45<'_|)J, 

where y. >■ the density of water, and • the specific gravity of the 
semi-fimd. Hence the pressure of earth is always 

t Vtang. / 45° — ^ j | times as great as the pressure of water, or the 

pressure of a semi-fluid may be set as equal to the pressure of per- 
fect fluid of specific gravity i Vtang. J 45° — ^ j | . 

Thus we see that the pressure of earth increases gradually from 
the surface downwards, or is proportional to the pressure height. 

It follows, likewise, that the centre of pressure of earth-works, 
fcc. ftc, coincides with the centre of pressure of water, and that, 
therefore, in the case in question, where the surface is a rectangle, 
it is at one-third of the height A from the base (Vol. I. § 278). 
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ExmmU, If the fpeeiflc gmvity of a mass of corn feeds, heaped 6 feet high, be 0,776 
(Vol. L § 201, remark 1), it exerts a pressure against each foot in length of a vertical 

wall: PaB5i.6*.0,776 . 63 . [^(tang. 45® — 15o^T«a 18 .63 . 0,776 (tang. 30^*a- 
880 X 0,5773,5' SB 293i lbs. (English.) 

§ 4. CoJienon of Semi-fluidi. — In the above investigations we 
have omitted to consider the cohesion, or that mutual union of the 
parts of the mass, increasing with the surface of contact. As this 
cohesion, however, in the case of the less disintegrated masses, as, 
for instance, in well compacted earth, is not unimportant, we shall 
now introduce it into the formula. Let us put the modultis of eo- 
henon, or the force of union for the unit of surface of contact » x, 
we have for the case shown in Fig. 2, the force required to separate 
the prism ^DE on the surface 

•/}£, SB 1 . ^E • K SB —; . 

Hn.p 

The vertical component -^ «tn. t » « A counteracts gravity^ and 

$in, t 

»h 
the horizontal component — ; . cos. t » s A eotff. t, counteracts the 

pressure. If, therefore, we introduce into the formula P^G tang. 
(t — p)> instead of P, P+ » A ootang. t, and instead of G, G — x A, 
we then obtain the equation : 

P^{G — X A) tav^. (t — p) — xhcotang,^. 
If again we substitute 6 ■■ J A* y cotang. t, we have.: 

Pa« (J A* y cotang. ♦ — x A) tang, (t — p) — x A eotang. t. 
It is, however, convenient to make the following transformations 
in this formula. 

P« A [( J A y + X cotang. p) cotg. t tang, (t — p) — x eotang. 
f — » (1 + cotg. t eotg. p) tang. (♦ — p)], 

or, as tang. (♦-p)« /^ng^t-^iy-P 

1 + tang, t tang, p 

SB - — ^^^' ^ — ^^^^ — . cotang. t . eotang. p, 
1 + cotang. t cotang. p 

we have Pa» A [(J A y + x eotang. p) cotg. f tang. (♦ — p) 

— X [cotg. t + eotg. p — eotg. t)], hence 

P « A [(} A y + X cotg. p) eotg. ^ tang, {p — p) — » cotang. p]. 

This force becomes a maximum when the product cotang. p tang. 
(t — p) is a maximum, and as we have seen this latter is so, when 

ta"45^ -f ^; therefore, the entire horizontal pressure of the earth 

against the wall : 

P =* A fc J A y + X cotg. p) ftang. ( 45° — 01 — « cotang. pi 

.}*.,[m».(46»_|)]' 

— X A eotang. p Tl — j^an^. / 45° — ^ j j j 
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or as cotang. i 



1-[W(«°-|)J 
- ^tang. (450 + I) - tang. (46° _ 0] tang. (46° _ |), 
P _ } »• r Vtang. (45° _ |) J- 2 * . tang. (45° - 1) 
-jM„j,.(46»-|)[^toj,. (46»-t)-2.]. 
This force is for J A, y tang.' (45° — — 2 «, that is, 



rMny.(46°-0 

For tliie height, therefore, a coherent mass may be cot vertically, 
and Bhonld continne so to stand. Inversely, from the height h. of 
the vertical face of any soil, we may deduce the modulus of cohesion, 
for 

.-iJ,T<a«jr. (45°-|). 

Therefore, the cohesion of a mass is greater or less, according to 
the height A, for vrhich it maintains a vertical face. 
If we introdoce A, into the expression for P, we obtain ; 



.^(A-J,)[«a.,.(46°-|)J. 



For Band, seede, shot, and for newly turned soils, A, ia very 
small ; for coinpressed compact soils, it ib sometimea considerable ; 
for disintegrated, moist earth, Martony found A,™ 0,9 feet, vhilst, 
for the fiatoe material soaked with water, k.= 0. According to cir- 
cnmstances, a vertical face of from 3 to 12 feet maintains itself in 
different eoils. 

Id most caws of practical application, it is advisable to omit the 
effects of cohesion. 

§5. Surcharged Ma»»e$ of Earth. — If the 
earth-work M, Fig. 3, be loaded on the eur- ^'v- ^■ 

face, with baildingB or otherwise, as DEH, 
the retaining wall andergoes an increased 
pressure. To determine tnis increased pres- 
sare, let ns pnt the pressnre on each sqnare 
foot of the horizontal sarface^ii, then the 
pressure on the surface for ADE^q . DE 
—fAcotan^.t, and, therefore, the horizontal 
pressnre, without reference to cohesion : 

P—(G-\-qh cotatiff. ♦) tang. (♦ — p) 
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= (J A* y + J A) • "f*^- ♦ i^^- (» — p), or as t — 45° + | 
^ - (} A'y + jA) [(0^. (45° - Dj. 

To find the poiot of application of this force, ire must decompose 
it into its two parta J A* r I'aBSf. (45° — -Yl and 

5 h Vtang. ^5° — ^M . The first part has its point of applica- 
tion at } of the beieht h above the base Ji, uid, therefore, its stati- 
cal moment referred to this point: 

By the second part, however, equal portions of the vertical wall are 
equally pressed, and therefore the resultant pressure of this part 
passes through the centre of gravity of the wall, and acts at naif 

the height ^ from the base. Hence the statical moment of the se- 
cond force 

-i-'*K(«°-i)]"-¥K(«°-i)]'- 

The moment of the entire pressure is thus: 

(J A'y + i ? A*) r(a»j. (46° — o) T' *°^» therefore, the leverage 

of the force, or the distance ^0 ■■ a of its point of application 
from the base: 

Simartc. — If iho eanh be enrried nbore the cope of tbe watt, and form Ciom il ■ nnliirnl 
slope, llio fbimulB of S 3 i« ilill applicable, if A ba pat equal lo the beigtu of the eaclh, 
and not Ihat of the wall. 

§ 6. RttaintTig WaUt. — The pressure of earth has often, in engi- 
neering, to be withheld by retaining walls (Fr. 
Fig'*- rtv4tement»)y or by v>aUing4imber», and »heet- 

piling. Retaining walls of masonry are most 
usual, and we abalT, therefore, here treat of these 
in greater detail. 

A wall ^C, Fig. 4, may be either pushed for- 
ward, or turned over by a force KP mt p. If we 
suppose this wall composed of horizontal courses 
of stone bedded on each other, we may assume 
that, should the wall give way, a horiiontal craclc 
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irill form, upon which the upper part CU alidee forward or turns 
about. For security we shall neglect the effects of mortar, and 
take only the friction between the beds into consideration. From 
the force P, and the weight G of the part CU of the wall, there 
results a force KR — it upon the magnitude and direction of which 
the possibility of an overturn or sliding forward of this part of the 
wall depends. If the angle RKG, by which this resultant deviates 
from the normal to the plane of separation UV, be less than the 
angle of friction p, the wall cannot slide forward (Vol. I. § 159) ; and 
if the direction of the resultant pass within the Jinnt or plane of 
separation, then rotatioD about the axis V is not possible (Yol. I. 
§ ISO). 

In most cases of application it will be found that rotation more 
readily takes place than sliding, and therefore, in building retaining 
walls, provision against the former has to be made. Rotation, or 
heeUng is the more apt to occar, in as much as it not unfreqnently 
takes place, not about the axis V, but about a point F, nearer the 
resultant R; because the pressure concentrated in V, compresses or 
breaks the stone near the point V. 

If the points of intersection W, for a series of resultants R pass- 
ing through the joints, be found, and a line drawn through ttiese, 
we have what is termed the line of retUtarue, and it is easy to per- 
ceive that an overturn of the wall cannot take place, bo long as this 
line does not pass beyond the joints of the wall. 

If the force P, which the wall has to withstand, deviates in direc- 
tion from the vertical more than the angle p, there can be no ques- 
tion of its sliding, because the resultant of P and G always makes a 
smaller angle with the vertical than P alone. 

§ 7. Slipping of W^lt. — If we substitute for P the pressure of 
earth found above, we can determine 
the thickness, having which, a wall ^ ^ 

will be sufficient to withstand this 
pressure. Let us consider, in the 
first place, the case of slipping for a 
wall ^C, Fig. 5. Suppose tl^t the 
earth-work poshes forward the part 
UC, on the joint UV. If we pot the 
thickness at top of wall CD — b, the 
relative batter — », and the height 
DU^x, we have the thickness: 

VV^ b + nx, and the contents of UC for 1 foot in length 
H ft a: -I — J and, therefore, the weight, 

C"(6 -(- —\ a; y,; y, being the density of the masonry. For the 
pressure of the earth on DU, we have generally : 

P" {Wr + qx)rtanff. (45« — 0j; 
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and hence, for the angle RKG mm f made by the regnltant R with the 

vertical : 

tang. ♦ - ^ - ja^y + gg _ r^^^^ A^o _ p \-j'. ^^ ^^ ^ J^^g^ 

be less than p, therefore, tang, f <:/, 
^''^ + ? . rtang.(45°—t\y < f. from which we have the 

thickness of wall : 

For X B we hare the thickness at the top : 

h > -^ Vtatt^. 1 45° — 5 ) T > therefore, for } — 0, we have J « ; 

for X B A, the whole height of wall, the thickness is : 

'r*-7fD"^-(^^°-i)J-T- , 

To apply this formala to a dyke or dam, we must put pvO, and 

ff - ; then we get b > (^^ — Al, (Vol. I. § 280). 
V/y, /2 
The formulas give for 9 « 0, (that is, when the surface of the fluid 
or semi-fluid reaoies to the top of the wall), the breadth at top >* ; 
but experience has proved that the thickness here should rarely be 
less than 2 feet, and in positions liable to wear and tear, always 
above this dimension. 

Stmark. The DO-efHcient at (KctioD fbr fiooea ind bricki in oonmci wiih each other 
(VolJ.S iei),ia ftotn 0,67 10 0,TS. And whan a bed of rre>h morni ia inteTpoMd,onlr 
0,60 10 0.70. Monar once m(, acu hy coh»[on or adbesion, an<l, accDiiling to Boismnl, 
the cohe«ion of morlar ia from 800 (o IStX) Iba. per aqoate foot. According m Morin, 
tliia unooDM to fhmi 3000 to SOOO lbs. 

§ 8. Ahviting Jtetiatance of Earth. — We must distinguish between 
the active and passive pressure of the earth. In the cases hitherto 
considered, the pressure is active, pressing against a passive resist- 
ance. The pressure of earth, however, DecomeB passive when it 
opposes an active force as resistance, as when it resists the thrust of 
an arch, &c. kc, Poncelet has termed this effect of earth-works 
butie de$ terrtt (German, Hebekraft der Erde), and Moseley has 
termed it retiatanee of earth. The 
^8- O- resistance which a body opposes to 

being pushed up an inclined plane, 
is greater than the force necessary to 
prevent the sliding of the body down 
the inclined plane, and just so, in the 
case of disintegrated masses, the re- 
sistance which they oppose to a ver- 
tical surface, moved horizontally, ia 
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greater than the force with vhich the; press against a vertical plane 
at rest. Whilst we have above (Vol. I. § 162) put the latter force, 
PimG tat^, (t — p), the resistance of the latter must be Bet P=G 
tariff, (f + p), or, as G is the weight J A' y ootanff. f of the priam of 
presBore ^DE, Fig. 6, P— J A* y cotartg. f tang. U+p)- This re- 
siataace P depends on the angle .^£1) n t at which the assumed 
plane of sepa(ation intersects tne horizontal, and is a minimnm for 
a certun valne of f . Bnt in order to find this valne, let ns put : 

«n. (2 ♦ + p) — etn. p 
and we see at once that this is a minimum, when sin. (2 f + p) is a 
maiimnm, that is when 

2 t + P — 90°, therefore, # — 45° — i. 

If we now introduce this value into the formula for P, we obtain 
the least resistance of the earth-work. 

i" - } 4* r Mai^. (46° _ tang. (45° + 

-li-,[la»i,.(45° + t)J. 

Thb is, generally, the resistance with which earth or any other 
disintegrated mass withstands a moving force; for as soon as this 
force is equal to that resistance, a yielding of the mass takes place. 

§ 9. Depth of Foundationt. — An important application of the 
passive resistance of earth, arises in the founding of retaining and 
other walls. If the ground on which the retaining wall is to stand 
be clayey, or wet, the co-efficient of friction between the wall and the 
ground may fall as low as 0,S, and then 
a slipping of the wall may very easily Fi?. 7. 

occur. It is, therefore, necessary in 
such cases to dig the foundation to such 
a depth that the passive resistance on 
the outside, combined with the friction 
on the bottom, may counterbalance the 
active pressure on the inside. If G be 
the weight of a supporting wall vfC, 
Fig. 7, therefore /G its friction on the 
bottom, JiB, if A be the height of the 
earth at the back, and A, the height in 

front; if further, p and y be the angle of friction, and the density 
for the one, and p, and 7, those for the other earthy mass, we have: 

/ff + } Vr, [lav («° + I)]'- } »• r [tev (45° - 0]' 

and therefore the depth ££of the foundation for such a wall: 

^-\/3!5iElE!^..„,(4=°_.), 
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For secnrit;^, a eo-efficient of stability 1,4 has been mtrodnced {by 
French engineers for the revStement iralle of fortifications), and 
therefore the depth : 

h, - 1,4 tang. (46° — 1\ \ / L V 2/J 

is given to socb vails. 

Eian^k. To what d^pth must a pBraltel wall S feet ibick, and 13 fMt deu heighi, 
bave iu roundiition sunk, Ibat il may wilhiund tie preuare or water amnding level 
with the lap of the wall 1 In ihia caae ; e 0, >r ~ 02,25 Ibt. [ror whicb we take 63) 
A — 13 leeti also/— 0,3, {, ■■30°, >._ 1,6 X ^3 -i 100,8 lb&,and G (thedenaitrof (bo 
■naaonr;) being 2 X 03 — 1 13 8 Iba^ miiM be » 8xl3xlS6 >» 13104 Iba, Ihereibre, 

h. - 1,4 l„ng. (4iS-- 15-) J '=^X"-^ ^"' 3X'3'M „ tfli ftet verr nearly. 

S 10. Seeling of Retaining WaUs. — In order to appreciate a 
retaining vail in reference to stability, it is necessary to de- 
termine its line of resittanee. For Bimpiicity, 
I'igf • we shall first take a parallel wall AC, Fig. 8. If 

we had only a horizontal force KP « i* to deal 
with, the point of application of which is at a dis- 
tance DO'^ a from the cope of the wall, the line 
of resistance would be a hyperbole, as the follow- 
ing simple view of the subject shows. Of the force 
P (whose point of application we assume in the 
line passing through tne centre of gravity of the 
wall) and £e weight G of UVCD, the resultant is 
R which intersects UV in W, a point in the line of 
resistance sought. If we now put the thickness of the wall AB = 
CD n h, its density — y^, the abscissa KJV^ x, and the ordinate 
jnVtm y, we have G ^ \a ■\- x) b y^, and from similarity of tri- 
angles : 

JflTJVand KRGi -^ - 5^, that U ?! - , 1-^, 

KJ\r KG X (a + x)b y* 

and hence the equation of the line of resistance y a r-r 

(a + *J i T, 
From this we see that when x — 0, y — 0, and for x v oo, 

y B , and for a: — — a, y b — go. The ourred line of reaist- 

aace, therefore, passes throagb K, aod 
^■s- 0- has not only the horiiontal CD, but like- 

wise a vertical EF for asymptote, distant 

STwm from the centre of gravity 5 of 

the wall. 

It is otherwise, of course, for a wall to 
withstand pressure of earth or water as 
AC, Fig. 9, for here a is variable, becaose 
P is applied at a point [/ at ^ of the height 
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m 

DU from the baee. If we draw the end of the vertical line throngh 
S as origin of the co-ordinates, that is, if we put HJf^ x, we have : 

y S88 ^-j— r ^tf«^- (45° — i J I . a^. This equation corresponds to 

the common parabola with absciss y and ordinate x. 

K, however, we suppose the earth-work carried a height h^ above 
the cope of the wall, we must adopt the proportion : 

— , ^ , , as A2L \tang. (45° — ^ j | (x + A,)*, whence we have the 

equation y - ^-^ [ean^. (45° _ 0^^- 

§ 11. The stability of a retaining wall requires not only that the 
line of resistance be within the wall, but also that it shall not come 
too near the outside of it. The famous Marshal Yauban gives the 
practical rule : that the line of resistance should intersect the basis 
of the wall in a point whose distance from the vertical passing 
through the centre of ^avity of the wall is at most i of the distance 
of the outer axis of tne wall from this line. If, as Poncelet does, 

we call the reciprocal of this number, or the ratio —=:- between the 

distance of the outer axis from the vertical passing through the 
centre of gravity, and the distance of the point of intersection L 
of the line of resistance from this gravity line, the coefficient of 
9tabilitffj and represent it generally by a, we have for the stability 
of a parallel wall, withstanding the pressure of earth, (by introducing 
into the last formula instead of Xy the height h of the wall, and 

instead of y i—\. 

and, therefore, the requisite thickness of the yall ; 



J-(A + A.)^^-(45°-0ji^ 



If for d we substitute ) — 2,25, and for -I- , | a mean value, we 

got: 

6- 0,707 (A + h,) J-^^ • tang. (45° _ 0. 

If we take p- 80°, we obtain 6-0,4 (A + A,) J^^t^- 
Poncelet gives : ^ 

h « 0,865 (A + AJ tang. ^45° — 1\ J^^ or approximately: 
b » 0,285 (A -I- A J, for cases in which A^ varies from to 2 A. 
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Example. What must be the thickness of a parallel wall of 28 feet in height to retain 
broken stones, mine rubbish for a height of 35 feetl Assuming that the density of the 
waU=s2,4x 63=3 191,2 lbs. The density of the rubbish I,3x63a81,3 Ibs^ and 
P =s 50^. According to Ponoelet's formula : 

6s 0,865 X 35 tang. (45«— 25®) jii b 30,3 ^ . Umg. 20«— 8,11 feet 

§ 12. Poncelefs Tables. — To facilitate applicationa of the for- 
mula, Poncelet has calculated the following table, which contains 

values of ^ corresponding to given values of ^j ^^ and p. There 

are two cases distinguished in the table, namely, the case when the 
earth-work is heaped, as is shown in Fig. 7, the coping bein^ covered, 
and the case shown in Fig. 10, where a berme of the breadth 0,2 h, 
from the outer edge of the cope of the wall, is left before the natural 
slope of the embankment begins : so that, in short, a promenade is 
left of the width CL « 0,2 h. 

The headings of the table explain themselves. 
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26 EKTAiHina walls with battee. 

In this table the limitinff valun have been principally held in 

vieir. Tbos ^ b 1 corresponds pretty nearly to one limit of the 

r 
ratio of the densities of maamiry and earth, while ^ m { corre- 

r 
spends to the other. Aguo, / or tang, p » 0,6, is the valne for the 
least coherent earths, and /^ 1,4 the value for stiff compact earth- 
work. In many practical oases, the required proportion has to be 
deduced by int«rpolatioD. 

JtononL Tha foimnbb— I. Se9^-f-A,) tm^. M3° L\ 1^ givoB [esoln oone- 

spoftding yritb IboM in die uUb to wittin -ff. 

The ralnes in the table refer to parallel walls, bnilt with mortar. 
If the external batter of the wall does not exceed 0,2, that ts 2,4 
inches per foot, the breadth ( found above, will be that of the wall 
at i of its height from the base, and through this point the line of 
batter is to be drawn. 

Renark. The dimeiukina naulling (Vom Poocelet's rolet or tables ore applied in Fnnoe 
for wall! or fbrtiflcaiioni, Inl give dimeiuioDi Ktarhf otu-fimrA fnattr than the STSinga 
jiriclioe of ciril engineera ia Brinin foe Ihe mne lelative ciicaoistuioea. — Ta. 

§ 13. Hetaining WaUt with Batter.— 1( 
*^'B- •"■ the wall has a batter, or if its profile be a 

trapezium AC, Fig. 10, the thickness neces- 
sary to insure resistance to rotation can 
only be determined by aid of a complicated 
expreseion. If we assume the face AB as 
the plane of separation, and put KF^ OA 
■B X, and FL ^ y, we then have agun : 

FB — ty..'-^. Biitaa:c-i(i-|-i,),«tiil 

P _ K* + *■)■ r [!<■»!;• («" - 1)]', 

and if b the thickness at top, and n the relative batter, therefore, 
It h the absolute batter, G » (,bh -I- \ nA*) 7,, and, therefore, 

^ (> + ..y.[,a.,.(45°-|)]- 

'""y,- 64(J + }ni) 

The dbtaDce BF of the outer edge of the wall from the vertical 
paseiDg through the centre of gravity, is : 

i + «t ib + nh »4_ 8S'+6n*J + 2?>"J" 
~ 2 ^ ih + nh ' 
and hence we may put : 

3J' + 6»ilJ + 2n'i"_i 
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and heno^ the thickness of wall at top: 

Hmuark 1. If the back of the wall have a batter likewise, we haye a different prism 
of greatest pressure to deal with, because the force applied to the wall is do longer hori- 
zontal. The investigation becomes complicate, and we forbear to enter upon it, but shall 
refer to works treating of the subject. 

Rmuurk 2. Coulomb was the first to propound a good theory of the pressure of earth. 
&f ** Th^rie des machines simples." Prony, in his ** Le9ons snr la pouss^ des terres, 
(1802,)" extended Coulomb's theory. Navier pursues the same notions, with much ele- 
gance and precision, in his ** Lemons sar Tapplioation de la m^canique, tome i." May 
niel, in 1808, published a special treatise on the pressure of earth, in which the observa- 
tions and theories of his predecessors are reviewed, "Trait^ experimental, &0., de la 
poQss^ des terres." C. Martony de KOszegh made experiments on a large scale for the 
Austrian goremment, which were published in 1828, under the following title: <*yer- 
suebe ftber den Seitendruck der Erde, ansgefQhrtanf hflehsten BefehU &o^ und verbunden 
mit den tfaeorecisohen Abhandiungen von Couk)mb und Fmn^is, Wien, 1828." The 
most complete work on the pressure of earth is that of Ponoelet in the " Memorial de 
ToiBcier du g6nie, 1838," and which has been translated into German by Lahmeyer, 
Braoniohweig, 1844. In Mbseley's "Engineering and Architecture," this subject is 
handled with greet elegance and success. Hagen has a chapter on this subject in the 
second part of his admirable ** Wasserbaukunst," in which he takes a peculiar view 
of it 



CHAPTER II. 

THBOBT OF ARCHES. 

§ 14. Arehe$. — An arch (Fr. voiUey Oer. Q-ewdlbe), is a system of 
bodies resting upon each other, and supported by two fixed points, 
in such manner that they are in equilibrium not only among them- 
selves, but with certain external forces. The material of these bodies 
is usually stone, and hence are termed arch-stones (Fr. voussoirSj 
6r. Gf-ewfflbesteine)* The planes of contact of the stones are the 
beds or joints. The fixed points upon which the arch rests are 
termed abutments ^x. Pieds-droitSj Ger. Widerlager), and in cer- 
tain cases piers (Fr. euUes, pUierSj Ger. PfeilerX Of the arch- 
stones, the nighest is termed the key-stone (Fr. clef^ Ger. SchlusS'- 
stein), and those which rest on the abutments or piers, are termed 
imposts or springers^ (Fr. coussinetSj Ger. Kdmpfer.) An arch is 
included between two more or less curved surfaces, the intrados and 
extrados, which are sometimes termed the soffity and the baeJc of the 

As regards the intrados and extrados, arches are very various. 
Cylindrical surfaces are most usual, but conical surfaces occur, and 
we have domes, and variously proportioned groinings. We shall 
treat of cylindrical arches only, ana limit ourselves still further, to 
the consideration of those havine a horizontal axis. Such arches 
are bounded by two vertical parallel 'planes, the faees of the arch, 
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(Fr. paremenU, Ger. i^imJlXehen.) According as the faces are 
perpendicular or iDclined to the geometrical axis of the arch, the 
arch IB direct, or oblique, or $keii>^ (Pr. droiUB or biaiaet); groined 
ftrches or vaolta (Fr. voUtee d'arite, Ger. Kreuz, or KlattergewSlbe), 
are merely intersecting cylindrical arches. Domes or cnpolas (Fr. 
vaUtet en dome, Ger. Kuppet or ICetaelgetoSlbe), are arches generated 
by the revolution of a curve about a vertical axis. 

As regards the curvature of arches, it ts very various. The sec- 
tion is sometimes circular, sometimes elliptical, catenarian, or formed 
of several circular arcs, and plate bands, or straight arches are some- 
times built. 

Btmork. — As experience hai Hbundantly proved thnt Brchei foil Qt give way by a 
rotation or rletFrminale parts round the edges wbeie oertain joints meet tbe eitnidoa or 
intnulos, and not by sliding diilocatioo, we need hen aa\y coonder the ooDdiiiom of 
equilibrium in rererence lo Ihe roimer c ircuin stance, omiiling our author's investigation 
of the iHtler, which show, as is usunlly done in elemenlary treatises of mechanics, that 
for Ihe caH or equilibiinm wiihonl frirtion, lb waght ef Oit ardt-iToiui mHK 1< U> Midi 
ethrr as Iht diffvenm of thi tetmtgmlt of (As angia of tneHnatwH of lAc j'omlt lo IM hori- 
aw— Ti. 

Rtmari. — The dialoraiion of an arch by slipping of vouasoira might occur in two 
ways: accotdint; as the joint of maximum prearure lies above oc below the joint of 
n pressure. In Ihe formeT case. Fig. 1 1, tbe haucbes of ihe arch slide oiii, and 



the crown slips down. In 
tnie pcarcely ever occuts, M 

p. , §15. Line of Presture and Re- 

tittance. — An arch is so much more 

I likely to fall in by rotation round 

the outer or inner edge of a Joint, 
than by slipping, that the former 
may be considered as the usual sc- 

; cident. The stability of an arch 

in reference to rotation may be 
considered exactly in the same 
manner as the stability of a pier 
or wall (Vol. II. § 6). From the 
horizontal force /*, applied at any 
point 0, Fig, 13, in the crown of 
the arch and the weight of the first 
arch-stone acting in its centre of 

gravity 5,, there results the force P, acting on the first joint, and 

the intersection 0, of the direction of this force with the joints E^ F,. 
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Agun^ from the preflsare P„ and tbe weight G, of the second arch- 
stooe, acting in its centre of gravity S^, there resnlte the presenre P, 
in the second joint, and the intereectioa O, of tiie direction of this 
Force with the second joint. Proceeding in this manner, we obtain 
the remaining normal preaaaree, and the intersectionB 0„ O^, kc, 
ia the other Joints. But the lioee O, 0^, 0^ O^ . , . , whit^ unite 
the intersections or points of application of the presenrefl P„ P^ 
P, . . . , is the line tff resittance (Ft. ligne de Pretsion, Ger. Wider- 
ttand»linie), (Vol. II. § 6). So long as at least one line of resistance 
c»n be found in the faee of on arch, which neither passes beyond 
the intradoe nor the extrados at any point, bo long dislocation of the 
arch by rotation cannot occur. If, on the other hand, the line of 
r^istance intersects the intrados, the arch will fall inwards, and if 
it goes beyond the extrados, the arch will rise upwards, and so fall 
to pieces. Fig. 14 represents the former case, and Fig. 15 the latter. 

Fig. 14. FiitlS. 



The dislocation becomed inevitable, however, from the circumstance 
that the incompressibility of the stones opposes resistance to the 
forces RR, acting with the leverages EO, FO. The cohesion of the 
mortar alone resists this force; Ent as a very slight concussion is 
sufficient to destroy this cohesion, its effects should not be relied 
upon OS available. 

It is easy to peroeive that arches are so much the more stable (in 
reference to rotation) the greater the number of lines of resistance 
that can be drawn witiiin them; the less, 
^ '^- therefore, the number of lines of resistance 

that intersect the intrados or extrados. The 
arch of greatest stability, Fig. 16, is neces- 
sarily that in which a line of resistance may 
be drawn, which passes through the centre 
of all the arch-etones, or biaeeU their depth. 
For the usual construction of arches, that 
is, for circular arches, a rotation or rising 
upwards, that is, an tntersection of all lines 
of resistance with the extradoe, cannot possibly occur ; we may, there- 
fore, limit ourselves in the investigation of stability to the rotation 
from which the arch falls inwards. That we may be certain that at 
least one line of resistance passes beyond neither intrados nor ex- 
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trados, w« ma; start to draw it from the point D in the erovn, and' 

try whether it interBects the intradoe. 

§ 16. lEquU^rium in Reference to B<it<aum. — The conditions of 
stability in reference to rotation may 
^K- 1^- be considered in another point of view, 

and one more adapted for caleolation. 
We may eliminate the forces P^, P„ 
P,..., acting in the crown D, Fig. 17, 
which are necessary to hinder a rotation 
of the arch-stonee ronnd the inner edges 
£„ £„ £„ &c., and then investigate 
which is the greatest of these forces. 
If we designate the leverages E,L^, 
£,L„ E,L^, ... of the force P referred 
to the points £„ E^, E„ &c., as axis of 
rotation by a„ a^ a„ &c., and the lever- 
ages £,«„ £,//„ E^H„ &c., of the 

weights G,, Gj + G„ G\ + G,+ Gj, tc., in reference to these 

same axis by b^, 6„ b^, &c., we have for the force P acting at the 

crown : 

P, - ^ G„ P, _ *i(G, + GJ, P, „ -»(G,+ G,+ G,), ic. 
a, a, a. 

But not only the factors &,, and G,+ G,+ . . . + G„ of the nume- 
rator increase from the crown towards abutments, but the denomi- 
nator ^H increases also ; hence one of the values of P„ P^ P„ &.C., 
is a maximum ; and it is necessary for equilibrium, that the effective 
force P„, acting in the crown, should be equal to it. That joint 
which corresponds to the maximom pressure, or the pressure on the 
crown, is termed the joint of rupture (Fr. joint de rupture, Ger. 
JBruckfuge), because dislocation by rotation first begins round its 
lower edge, if the force P„ at the crown diminbbes. It is deter- 
mined by the angle of rupture, which its plane makes with the 
horizon (or with the vertical). It is also easy to perceive, that the 
angle of rupture gives that point in the arcbes, in which the line 
ot resistance, starting in i) in the crown of the arch, touches the 
intradoB. 

[f we compare the maximum effort required to hinder rotation 
inwards with the maximum effort required to resist slipping, we find 
that in most cases the force required to resist rotation is greater 
than that to resist slipping, and, therefore, the pre»»ure in the eroum 
of an arch ii equal to the greatett of all the forcei P^, P„ Pj, ^c, 
which ^ppote the rotation of the part* of the arch G„ G, + G„ 
Gf+ Cij +G3, rf-c, round the inner edget. If, therefore, we have 
once determined this presatire at the crown of the arch, it is easy to 
find the pressure in any other part of the arch. 

Arches falling by rotation owtwarde are exceptional cases. To 
discriminate by calculation as to the possibility of such an accident 
occurring, the point of application of the force P is takoD at the 
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lower edge ^, Fig. 18, of the joint of the key-stone, because the 

leverage, in reference to rotation about 

F„ F„ F^, tui., is here the least. If now fig. 18. 

we again designate the leverageB: /',X„ 

f,£^ F^Ly, &0., by a,, a^ a„ kc., and the 

loTeragos F^H„ FH^, F,H„ &c., of the 

weights G„ G,+ G„ G + G,+ G„ &c., 

we nave the valnes of P : 

P,-*iG, i", =.^(G,-|-G^, 



and if the least of these valnes be greater 
than the pressure in the crown, or the 
greatest of the forces which prevent a 

falhng inwards, the arch is stable ; nnless this be the case, disloca- 
tion tokes place. 

SoKork. The ihlKng to piec(« ot an arch b; lomtjon majr likewise happen in two 
wars: acconling aa Ihe joinl of rupture of the maiimuin value ii above or below the 
joint oT mplure oT the minimum vsla& Fig. IB represents the flnt, and Fig. SO the 



S 17. SuAOity of Ahutmtta:—lf we have satisfied oarselves by 
the oalenlationa indicated in the forego- 
ing paragraphs, that an arch is stable, ^v- 3'- 
and have also determined ^e pressure 
in the key-stone, we hare still to inves- 
tigate the stability of the abutment 
walls; that is, to determine the thiok- 
nesB of abutment wall necessary to re- 
sist a detrosiou or an overturn. This 
investigation is the more important, as 
it is not unfreqnently in consequence 
of insufficient resistance of these, that 
arches, in themselves stable, fall in. 

It is evident that a retaining wall 
FB, Fig. 21, is stable when the direc- 
tion of the resnltsnt force £, A, » A, 
of the weight of the one semi-arch act- 
ing at its centre of gravity S, the hori- 
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zontal thrust P acting at the crown, and 5^ the weight of the re* 
taining wall, passing throush its centre of gravity, passes through 
the base FO of the retaining or abutmewt wall, and deviates from 
the vertical K^tf by an angle less than the angle of repose p. 

For the angle ty which the resultant R^ of the forces P» KP^ and 
p 

G + G^^ K^Gjy makes with the vertical, we have tang, t ■■ -^ — -p^l 

but tang, p « the coefficient of friction /, and hence to insure sta- 
bility in reference to sliding, we should have -- — — < /. 

In order, further, that the resultant may pass through the outer 
edge Fo{ the abutment, let us put the moment of P, referred to this 
edge, equal to the sum of the moments of the weights 6 and 6^. 
If a be the ris^of the arch BL^ and h the height of the abutment, 
then the moment of the force P referred to the edge F as an axis 
ss P (a 4- A); if, amin, b be the horizontal distance BH of the ver- 
tical passing through the centre of gravity of the semi-arch jfCfrom. 
the inner edge B of the springing point, e the thickness of the abut- 
ment wall, and e the distance FJ\r of the vertical gravity-line of 
the abutment wall from the edge F, we have the moment of the 
weights G and Gj = G (b + e) + G^e^ and thus we get the equa- 
tion: P (a + A) « G (6 + (?) + Gfi. 

In order to insure permanence, experience dictates, according to 
Audoy's deductions, the employment of 1,9 P instead of P, so that 
the equation for determining the thickness of the abutment becomes: 
1,9 P (a + A) « G ( J 4- tf) + G^e. If h^ be the mean height of the 
abutment or pier, and r the density of its masonry, we have for each 
foot in length of the pier the weight Q-^msh^c r, and if we put « «• } (?, 
the moment Q-^ a ^ A^ (r* r? and hence t 

i X^ c* y + (? (? H= 1,9 P (a -I- A) — fl^ 5, or, 
^ 2ae ^ lfiP{a + K)—ab 

. A^y JA^y 

and hence the thicknes s of the ab utment in question: 

a . \ i,9P{a + h) — ab , / a\^ 

In order to secure this wall against sliding, we must have: 

r P r I P ^ P—fG 

It will usually be found that the former value of e is greater than 
the latter; and that, therefore, the thickness of the abutment must 
be regulated by the former condition of stability. 

For very high piers, as G c, 1,9 P a and G J, are very small com- 
pared with 1,9 PA and ^h^t^y (which may be put i A c* y), we have: 
jrAe*y aal,9 PA, i.e. Jc*y«Bl,9P, and hence the greatest strength: 
13,8 P 
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§ 18. Loaded Arches. — We have hitherto neglected to consider 
the influence of the hacking on the arch; which, however, it ie essen- 
tial to examine. That the Btability of an arch, each as a bridge, 
may not he altered by the passage of heavy weights upon it, it ia 
necessary that the arch should in itself possess such weight, or be 
permanently loaded with backing, that any weight arising from traffic. 
Bach as heavy waeons, locomotives and the like, can only occasion a 
slight change in tite entire load, or forces in action. 

i^he backing consists nsually of a system of walling (apandril 
ttalU), supporting the road-way, and carried np either to form a 
horizontal line EF, Fig. 22, or an inclined line, Fig. 23. In very 

Fig. 33. Fig. 33. 



many cases, the spandril walls or backing of arches consist of the 
same materials as the arches; and if it be uniformly built, we may 
assume a common density for the whole, and thus considerably ab- 
breviate calculation. If, according to Vol. I. § 58, we take the spe- 
cific gravity of masonry at from 1,6 to 2,4, we have for the density 
of the masonry 100 to 150 Iba. per cubic foot, the former answering 
to brick-work, the latter to ashlaring. The loading of arches gene- 
rally increases their thmst, and also their stability. That the vons- 
soirs may resist crushing, they must have a certain depth propor- 
tioned to the pressure of the arch ; and as this increases from the 
crown towards the springing, the depth of the voossoirs should like- 
wise increase from the crown to the springing. Perronet has given as 
a rule for the depth at the crown, the formula: d=0,0694r4-0,825 
metres, or, in English measare d = 0,0694r -f- 1 foot, in which for- 
mula r is the greatest radins of curvature of the intrados. 

For archea whose radiiu is above 48 feet, or 15 metres, this for- 
mula gives greater dimensions than is given in ordinary practice. 
The depth of voussoirs must be regulated by the strength of the 
materials, and the position of the line of resistance in the arch. The 
joints being kept very tbin, so that the mortar serves rather to dis- 
tribute the pressure uniformly over the bed of the stone, it will be 
found that a thickness which reduces the strain to 225 lbs. per 
square inch of surface, allows of ample security for the average of 
materials. One-half this thickness must, however, exist on eacK»ide 
of the line of resistance. 
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Bmark 1. 339 Um. per sqnue iooh ii only ^ of Iha abMriute MreDgtii of mod «md< 
■tone and limeaMna. In the oelebrated bridge M NeniJlj, near PuU, buill ia 1768 to 
1780, by Petronet, the enimated pieMuie per squsis inch il QBO tbe: 

Jttmark 3. When, ai in Ihe leqnel wa alwayi do, we lake Ihe thmit or preanre al 
the top or the cniwn of the srob, and in like manner, only consider a nMBlion rouiid the 
lowen point of the anftle of rapture, it U the more neoeuary to aisume this high degree 
of ■ecuiily, and to give the arch oorreipondiTqi depth of voonoin, aa in IheM ■NDmp- 
ttons we only gel the lean Talue of the preanire. Betidea, it ia chiefly the upper edgea 
of the vouwoira at the crown of the oich, and the lower edgea of Ihoee at the joiiita of 
lupmre that have ro withsmnd the pressure, and, therelbre, anoncsl give way; the 
depth we have indicated on each aide the Uim of prenure is, iberefere, necessary to 
insure stability. 

§ 19. Teat of the EquilOiration of Arehe$. — The inveBtigation of 
the stability of an arch ma; be gone through ag follows: let ABCD^ 
Fig. 24, be the one-half of th« arch to be examined, and CDHK the 



spandril wall, which for simplicity's sake we shall assume to be of 
the same density as the arch. First, divide the arch in any oonre- 
nient aamber, in this case six, equal or unequal parts, by lines £,F,, 
£jF,, £,F„ &c., in the direction of the joints, and determine, not 
only the area and the centres of gravity T,, T,, T.. . . of these parts, 
bat also the areas and centres of gravity 5,, S^, S^. , .of the super- 
incumbent parts F,H, F^L„ F^L^ . . . This done, take the statical 
moment of the first part ^F^ and F H referred to the first point of 
division E„ and divide their sum by the vertical distance of this 
point of division from the horizontal DJf drawn through the crown. 
In like manner take the moments of AF^, E F^ F[h and FJa^, 
referred to the second point of division E^, and' divide the sam of 
these moments by the vertical distance of this second point from the 
horizontal OJV. Azain, determine the momenta of the parts of the 
arch AF^, E.F^, E,F„ and the parts of the spandril F.tf, f,!.,, F^L^ 
referred to the edge £„ and divide that sum by the vertical distance 
of the point E„ from the hori«ontal i)JV, &c. By going through 
this process for all the parte, from A to B, we arrive at the forces 
that must be applied at D to prevent rotation round the points 
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El, £,9 £3, &c, and the greatest of these forces is that which has to 
be taken as acting at the crown. 

Having done this, multiply the sum of the areas J1F. + FJtl by 
the tcmg. (a^ — p), and again AF^ + E^F^ + F^H + fJL^ by tang. 
(a, — p), &c., (where a^, a^ • • . are the several angles of inclination of 
the joints with the horizon), and find the greatest value of these 
products. If the greatest of these values be le99 than that neces- 
sary to prevent rotation round E^, E^ £3 • • • » there need be no 
further consideration of these forces ; but if it be greater , then must 
this value be introduced as the pressure in the crown, and not that 
first found. 

Lastly, it has to be determined whether the horizontal force so 
found is not sufficient to dislocate the arch by ptishing or turning 
out a part of it. 

With the horizontal thrust, determined as above, we can examine, 
as shown in § 16, the conditions of stability of the abutment. 

Example, The relatire stability of the areh in Fig. 34, may be oalcuhited as follows : 
area of the part JtFt as 6,89 square feet; area of the piece /'jH above dss 8,48 square 
feet, the lever of the former referred to Et ^ 9,50, and of the latter as 2,45 ; t. c , the 
iDomeDt of both as 6,89 . 2,5 + 8,48 . 2,45 ss 38,001. The distaooe of JE, fiom DN, 
or leverage of horizontal force in D sb 1,50 ; and, therefore, the first value of this Ibroe 

^.•^«8 25,33 . y lbs. Area of second part E^F^ ss 7,15, and the part of spandril 
1,50 

above it Fg^i ^ lli02 square feet; the moment of both referred to £g«B 17,53 -f- 23,69 

■B 4 1,21, adding to this the moment ofJI^ s 38+ 15,37 . 5,10 s 38 + 78,39 «■ 116,39, 

and hence the moment of the whole piece ALg ss 157,60 ; tlie distance of E^ (torn UN 

=s 2,35, and hence the second value of the horizontal force in 2> ^ \ — '2. ^ 67,05 . 

2,35 

y Iba. Again, the area of the third piece E^E^ se 7,68, and of the part of spandril above 

it FJL^^B. 16,51 square feet; the moment of both ss 46,61, adding to this tlie moment 

of the piece JE^fTss 1 57,60 -|- 166.02 ss 323,62; we find the moment of the whole 

SB 370,23 ; and as the distance of the point E^ from fSV ss 3,90, the value of the force in 

Dss 1 — L^is 94,93 . y lbs. Proceeding in this manner, a value of the force that 

3,90 

701 02 V 
haa tt> coontavftct the lendeaflj to rotation round Jg^ aa ^ ' ^ « 118,97 . y lbs.; and 

a fifth force in reference to rotation round E^ as i- — ! — 'JL ss 137,68 . ^^ Iba.; and, 

8,45 

lastly, in reftsrenoe to rotation round B, a force «■ \ — 1^ ss 157,74 . y lbs. As this 

11,6 

is the grealiest value found, we put the preesuro or thrust at the crown, P sbb 151,74 . y^ 

or, taking the weight of masonry as 150 lbs. per cubic foot, Pss 22761 lbs. The depth 

of arch at crown is 1,3 feet ; and, therefore, the area for each foot of length of the arch 

■B 144 . 1,3 SBB 187,2 square inches; and hence the pressure on each square inch 

22761 

— 1. ss 132 lbs., supposing the line of resislance to bisect the voossoirs. 

187;2 -~n ,^r -o 

If, with M. Petit, we take the angle of repose la 30^, we obtain for the force to pre* 
vent dislocation of the aroh by sliding, the fbllowing values. The joints E^Fxt F^F„ 
E^^ ... are inclined to the horiaxm at the angles 83^' 40^, 77<> 20^, 7lo, 64^ 40^, 58<» 20", 
52°, respectively, therefore, 

P, 3.(6,894. MS) <«V. (830 40^ ^ SO*') . ym^ 15,37 . tang. 53<» 40" . >r b 30,9 . >r lbs. ; 
Pjs«(15,37+ 18,17) toag. (77* 20^ — 30«) .y— 33,54. tang.470 20'.ysB 36,4. ylb*; 
P^wmVI;iZ . tamg. Ai^ . van 50,1 . y Ibe. 
P4a90,56 tang. 34<> 40^ . ywm62fi . y lbs. 
Pf « 134,13 tang. 28<> 20^ . }raB 72,3 . >r lbs. 
P^a. 188,53 totig. 33« ,y^l6fi . y lbs. 
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and, tbneroie, Iha greBteU borizODtml prevare oonntencting «liding^76,3 . y Ibi. At, 

however, ibis prnsure, in iti teadencf to caiue ttx&tifni round an inner joini, amouoli 
to 191,1 . }>. il is evident ih&l & sliding cannot take place. And in like mnnner it U 
eaiy la oonvince onrielTei that nnther rotatjon nor itidinB outwards is possible. As U> 
tlie stability of the abutment OUK, the motneDt of Ihe fbroe F rarnrsd la as ao axis 
ormation— 151,74. >.. or— 151,74. IB. )-»3T31.x lb*.; Ibe mom eat or Ibe loaded 

arch JtBKH, is: 

1700,3 . >.+ 188,93 . or, >. = (I760,S-|- 188,93 . 6,8) ^>b3043 . y Ibs^ 
and that of the pier ^ 343 . )• [ba.; hence the moment reusuog rotaiion luund 
OK(304a + 343).}.n33SS . ^ lbs, and, therefore, Acifiiv cannot possibly take place. 
If, however, more ample security be desired, we rausl Buhsiiiule liw jp, 1,8 P, as above 
explained, and, iherefore, lake the moment of Ihe fbrce to produce heeling=a51g9 . ^, 
and thus we see that our abutment would be too thin ; instead of 9,49 feet thickness, 
it would require fVorn 1 1 to 13 feet. For a thickness of 1 1 feet, the moment of sta- 
bility— 1760^ .>+ lS8,a3 . 11 >»t-lS81 .>< — SI IS. y, which would prove a s^^EciMt 
stability. 

§ 20. Tablet for Arcket. — In order to facilitate inTestigatioiiB oa 
the stability of archea of the more usual forms, 
Fig. 39. ji/[^ Petit calculated a series of tables of which 

we shall here give a short abstract. The first 
of these tables refers to semi-circular vaults, as 
in Fig. 25, the second refers to semi-circular 
arches with spandril walls at an angle of 45° as 
shown by the dotted line in Fig. 23. The third 
table refers to semi-circular arches with hori- 
zontal spandrils, as shown by the dotted line in 
Fig. 22, and the fourth table refers to segmental 
arched vaults. 
In the first three tables, the two first vertical columns contain 
the proportions of the arches ; the third column contains the angle 
of rupture ; the fourth and fifth co-efficients of horizontal thrust, in 
terms of the radius or half span, and the weight of the materials 
(see example 1 following); and in the sixth, the co-efficient of the 
maximum thickness of abutment in terms of the half span. 

To apply these tables, we have to look in column 1 for the ratio 

)t — -! of the radius of the extrados to that of the intrados, and 

r, 
pass along horizontally to the fourth and fifth columns, and the 
greater of the numbers found in these two columns is to be taken as 
a co-efficient by which to multiply the square of r^, the radius of 
intrados, and the weight per cubic foot r of the masonry, the pro- 
duct of which gives the horizontal thrust in question. The sixth 
column gives the thickness of abutment, supposing the height infi- 
nite, by multiplying the co-efficients there found by the rMius r,. 
For low abutments, the thickness is less, and should be calculated 
according to § 17. 

The fourth table contains in its Brst column the ratio ^ a -i, 

and in the other columns the thrust of the arch for various propor< 
tioDS of the span a to the versed sine or height k. This latter table 
is only applicable when the angle of rupture, given in the first table, is 
leu than the half of the central angle a, and of the arc of the vaidt. 
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TABLE L 

SEMICIBCULAB ABOH WITH PABALLBL VAULTED SURFACES. 



Batio of die 
nuUL 

■ Tm 


Ratio of ladins 
of inindo* to 
depth of Toui 
KHr. 


Angle of 
rapture. 


Co-efficient j» of the 
tbniM of aich ; 


Coefficient fiir 
greatevt thick* 
nets of abut- 




for iDlation. 


for tlicliDg. 


menta. 


2,782 

2,70 

2,50 

2,20 

2,00 

1,80 

1,60 

1,65 

1,50 

1,45 

1,40 

1,85 

1,80 

1,25 

1,20 

1,15 

1,10 

1,05 

1,02 

1,00 


1,154 

1,176 

1,888 

1,666 

2,000 

2,500 

8,888 

8,686 

4,000 

4,444 

5,000 

5,714 

6,666 

8,000 

10,000 

18,888 

20,000 

40,000 

100,000 

00 


Oo 00* 
13 42 
85 52 
51 4 

67 17 

61 24 

68 49 
64 8 
64 9 
64 5 
68 48 
68 19 

62 14 
61 15 
59 41 
67 1 

63 15 
46 22 
88 12 

00 


0,00000 
0,00211 
0,02288 
0,08648 
0,18017 
0,16878 
0,17517 
0,17478 
0,17264 
0,16798 
0,16167 
0,16287 
0,14880 
0,12847 
0,11140 
0,09176 
0,06754 
0,08818 
0,01691 
0,00000 


0,98928 
0,96262 
0,80846 
0,68767 
0,45912 
0,84281 
0,28874 
0,21464 
0,19180 
0,16872 
0,14691 
0,12587 
0,10569 
0,08608 
0,06788 
0,04986 
0,08218 
0,01668 
0,00618 
0,00000 


1,8223 
1,1414 
0,9525 
0,9031 
0,8527 
0,8007 
0,7888 
0,7622 
0,7870 
0,6987 
0,6504 
0,6906 
0,5066 



TABLE n. 



SBHICIBCULAB ABCHBS, MA80NBY AT THE BACK, OF 45° INCLIIfATION, 



Batio of the 
radii 



2,00 
1,80 
1,60 
1,55 
1,50 
1,45 
1,40 
1,85 
1,80 
1,25 
1,20 
1,15 
1,10 
1,05 

VOL. n. 



Ratio of radius 




of inttadoa to 


Angle of 


depth of TOO*- 


ruptura. 


•oir. 




2,000 


60° 


2,500 


60 


8,388 


60 


8,636 


61 


4,000 


61 


4,444 


60 


6,000 


69 


6,714 


58 


6,666 


57 


8,000 


54 


10,000 


50 


18,333 


47 


20,000 


42 


40,000 


86 



Co-efficient p of the 
thrust of aich ; 



for rotation, for tlidinK. 



0,26424 
0,29907 
0,81246 
0,81222 
0,80996 
0,80687 
0,80001 
0,29285 
0,28281 
0,27102 
0,26806 
0,24477 
0,28292 
0,22902 



0,74361 
0,57888 
0,42191 
0,88678 
0,35266 
0,31971 
0,28787 

0,22756 

0,17171 

0,12082 



Go-efflcient for 
greatest thick- 
ness of abut- 
ments. 



1,7264 
1,5147 
1,2990 
1,2437 
1,1877 
1,1308 
1,0964 
1,0823 
1,0626 
1,0412 
1,0160 
0,9894 
0,9662 
0,9571 
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TABLE III. 



8BMI0IBCULAB ABOHBS. WITH HOBIZONTAL MASONBT ABOVB. 



Ratio of the 


Ratio of ndins 




Co-effioieDtpof the 


Co-effieient for 


radii 


of intmdoa to 


Angle of 


tbrnst of arch ; 


greatest thiclc- 


I. 'a 


depth of Toiu- 


ruptoie. 






noM of abut- 


A; SB -I. 


soir. 




for lottitioo. 


ior sliding. 


meota. 


2,00 


2,000 


86° 


0,06486 


0,50868 


1,8884 


1,80 


2,500 


44 


0,08508 


0,37901 


1,2001 


1,60 


8,888 


52 


0,12800 


0,26755 


1,0082 


1,55 


8,686 


54 


0,18027 


0,24173 


0,9584 


1,60 


4,000 


56 


0,18648 


0,21678 


0,9075 


1,45 


4,444 


57 


0,14122 


0,19266 


0,8664 


1,40 


5,000 


69 


0,14421 


0,16920 


0,8018 


1,35 


5,714 


60 


0,14504 


0,14666 


0,7465 


1,80 


6,666 


61 


0,14882 


0,12495 


0,7879 


1,26 


8,000 


62 


0,13872 


0,10405 


0,7260 


1,20 


10,000 


63 


0,18078 


0,08897 


0,7048 


1,16 


18,883 


64 


0,11896 


0,06471 


0,6728 


1,10 


20,000 


66 


0,10279 


0,04627 


0,6249 


1,06 


40,000 


69 


0,081755 


0,02865 


0,6678 


1,00 


00 


76 


0,056472 


0,01186 





TABLE IV. 



YAULTBD ABCHBSy WITH PABALLBL ABCHBD SUBFAOBS. 



Ratio of 
the radii 






Co-efficient p of the thrust of the arch. 



Ah 



S* 



SK«A 



s— ?i 



«— 8i 



s— lOi 



16* 



1,40 

1,36 
1,80 
1,26 
1,20 
1,15 
1,10 
1,05 
1,01 



0,15446 
0,14771 
0,18764 
0,12647 
0,11028 
0,09128 
0,06787 
0,08776 
0,00884 



0,14691 
0,18080 
0,12831 
0,11402 
0,10196 
0,08684 
0,06563 
0,08804 
0,00871 



0,14691 
0,12587 
0,10682 
0,10009 
0,0910-2 
0,07866 
0,06168 
0,03709 
0,00886 



0,14691 

0,12687 
0,10559 
0,08668 
0,07999 
0,07060 
0,05666 
0,08650 
0,00889 



0,14691 
0,12587 
0,10669 
0,08608 
0,06981 
0,06269 
0,05160 
0,08867 
0,00886 



0,14478 
0,12405 
0,10406 
0,08488 



0,066860,05616 



0,04904 
0,02414 
0,02944 



0,07180 



0,04116 
0,02681 
0,01882 



0,0086210,00747 
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The following table contains a synopsis of the relative dimensions 
of segmental arches. 



Batmoftbe ipan 
10 height 

« 

r 


Half ceotml 
angle •. 


• 


RatioofiadtiMof 

intiadoar, to 

height A 

k 


4 
5 
6 
7 
8 
10 
16 


58° r 80" 
48 36 10 
36 52 10 
31 53 26 
28 4 20 
22 87 10 
14 15 


0,8000 
0,6897 
0,6000 
0,5283 
0,4706 
0,8846 
0,2462 


2,500 
8,625 
6,000 
6,625 
8,500 
18,000 
82,500 



Exampk 1. A semicireular arch with horizontal rcmd-way over it, having radius of 
intrados r, SB 10 feet. What should he the dimensions? What will be the thrust? 
According to Penonet's formula, cf as 0,0694 . 10+ 1 a 1,604 feet, for which take 1,7 

feet. We have now r,tM 11,7 and i(; as Jl an 1,17. From Table 3, the angle of mp- 

tnre is 63f^ the co-efficient of horizontal thrust » 0,1 190+ { . 0,0118 a 0,1237 (0,0118 
being the diflference between .1 19, and the number next above it). Taking 150 lbs. per 
enbio foot as weight of nnafomy, the thrust at crown ^0,1237 . 150 . ICfsn 1855 Ibe. 
For the extreme thickness of abutment, we have from the same fable the co-effieient 
0,67234- f .0,0325 as 0,6855, and, therefore, the thickness b 0,6855 . 10 m 6,85 feet. 
For low abutments, the formula of { 17 gives smaller dimensions. 

Extmpk 2. What dimensions and forces correspond to a vault of 10 feet span, and 2 

feet risef Here we have ^ mi 1, therefore, the half oential angle « mi 43^ 86^ lO'^ and 

s 

ntLm^Ks 0,6897, and the radius r a 3,625 . 2 sb 7,25 feet. Table 4 gives the co-efficient 
of horizonial thrust, (as j^5 A, and aooording to Perronet's formula: d^ 1,5, so that 
k^ i;2) B 0,10196, and hence the thrust aBO,102 . 150 . 7,25'sb804 lbs. 

Ranark 1. That the part of the abutment on which the arch rests may not bo thmst 
away, it is neeeasary that the horizontal thrust P^tpi^y should be laa than | /« (r,* — r,*) 
y the friotion on the bed. If this be not the case, as, for example, in very flat arches, 
this sliding out of the upper part of the abutment must be prevented by artifices, such as 
iron tie rod& The oo-efficient of friction /tiB0,76, therefore, i/«s 0,38, and, therefore, 
the strength of the ties must be such as to resist a force ^p — 0,38 « (Jfi — I) r^ y. 
This is the state of the caee when 9wmAk and k is less than 1,06 ; when f ss 5 A to 10 
A, and k less than 1,15, and when f as 16 A, this sliding is sure to lake place. 

BmnaHt 2. The literature on the subject of arches is very extensive ; but the theories 
treated therein are not always admissible, because the assumptions are inconsistent with 
experience. We shall here only mention the authors whose theories and investigations 
are generally accepted as the best approximations. We refer, therefore, to Coulomb, 
** Thiorie des machines simples,'* who first gave a rational theory of the arch, and such 
as is ID substance given in the foregoing paragraphs. This theory is given with greater 
completeness by Navier, **' R^um^ des Lemons sur Tapplication de la M^nique,'* 1 1. 
There are papers by Audoy, Garidel, Ponoelet and Petit, in the " M^orial de I'officier 
dn g^ie.** The substance of the papers of Garidel and Petit, and their tables, are given 
by Mr. Hann in his Treatise on Bridges, published by Weale, 1839. Moseley's paper 
on the ''Theory of the Arch,'* is, perhaps, the most elegant exposition of this interesting 
and important subject. The works of Robison, Whewell, Eytelwein, Gersmer, and 
oth«^ contain particular expositions of Coulomb's theory. Hagen has published an 
interesting essay, entitled ** Uber Form und Sturke gewotbter Bogen," Berlin, 1844. 
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CHAPTER III. 

THIORT or VBiJIIl<ra8 OP WOOD AHO iboit. 

§ 21. Wooden Structto'ea. — Strnctoiea of wood and of iron differ 
eBsentiallj from those in stone, in that these materials are snbjected 
to what hare been termed tensile and transverBe, as well ae com- 
pressire strains, to which latter alone maeonrj it exposed. Hence, 
in carpentry and iron-work, the pieces of which the Framinga are 
composed are not only laid one upon the other, but are morticed, 
tenoned, fithed, boUed, ttrapped, &c., to unite them together. The 
principal axis of the pieces of any framing may be horizontal, in- 
clined, or vertical. In the first case, they are termed i«a»M or youta; 
in the second, rafteri, bracet, or tpeart, &c.; in the other, posts, 
pillars, uprights, &c. According to the function they fulfil, some 
pieces are termed «trv^ or tpears (viz: those resisting compression), 
and others, ties or braces (t. e. those resisting tension). 

To investigate the stability or equilibrium of a framing, it is essen- 
tial, in the first place, to know the forces and weights which the 
framing has to counteract. From these we determine, not only the 
forces which individual pieces have to withstand, but the forces act- 
ing at the points of connection, and the strains or pressures upon 
the points of support. Each part should have such form, position 
and aimensiona, as to completely withstand every force acting on it. 
As to the connection of the pieces of a framing with each other, 
we have principally to distinguish bolts and pins, tenons and mor- 
ticei, scarfs and shoulders. Bolts and pins counteract, or take up 
all forces passing throu^ their axes. Tenons and mortices counter- 
act only forces acting in certain directions, and shoulders or scarfe 
counteract such forces as are directed at right angles to the plane 
of the shoulder. 

§ 21*. A beam ^B, Fig. 26, lyingon inclined planes, is in an 
instable condition, nnless friction or some 
Tig. 26. artificial fastening, as bolts or mortices re- 

tain it. To establish equilibrium, it is a 
necessary condition that the vertical HG 
paesing through the centre of gravity of 
the beam, sbould pass throogb the point 
C, in which the normals to the ends ^ 
and B of the planes intersect each other, 
for only then are the two eomponenta JV* 
and P, into which the weight G of the 
beam may be decomposed, taken up or 
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eoanteracted by the planes. If • and fi be the angle JlOK and 
BOL of the planes to the horizon, these forces are: 

A-- <^""-^ , and P _ .^'^■' . 
(s«t. m + fl) Bin. (. + ^) 

If, agun, I be the length ^B of the beam, « the distance ^5 of 
its eentre of Ki^vit; S frotn the end ^, and a the angle of inclina- 
tion BAM of the beam to the horiEon, then the horitontal projection 
<t{AS^ t IB JIM MM te6$. «, or — AC sin. ^ but as 

^^ AB tin. ABC t tin. (90° -*- g + J) I eot. {$ — a) 
nn.ACB «».(» + ^) "" «m. (a + 0) ' 

we have .AW- ^ "«■■»«"• '(li — ») ^nd therefore, we hare the 

Mft. (a + ^) 
equation of condition : 

t tin. (• + a) cot. « — I «t». a cot, (^ — (). 
If one of tiie planes be horizontal as AO in Fig. 27, uten as a — 0, 
we have t tin. fi cot. A — 0, t. «. ^ — 0, or the other plane mnat like- 
wise be horisontal. In order to prevent slipping of the beam in 
every other position, we most, Fig. 28, mortice one end of the beam 

Tig. 37. Flr. ss. 



as ^, or &sten it in some way. The pressure which the end of 
the beam there exerts on the inclined plane OB may be deduced 
from the theory of the bent lever MAC, whose arm AM ^ AS cog. 
SAM— t cot. «, and AC — AB cot. BAC — I evt. {» — i), and 
hence P the pressure required 
O- 1 cot, S 



loot, ((I — 6) 
As the pressore on tne point of support A is equal to the mean 
of all the forces acting on AB, we may assume that the vertical 
pressure G, — G, and its counter pressure i*, — P, acts at this 
point. If, therefore, we decompose this latter into the horizontal 
foroe H, — P, mm. fi, aad the vertical force V^ — i>, cot. ff, we ob- 
tain for the total pressure in A the horiiontal component or thruat 

H, — 1— '—, and the vertical component, or vertical pres- 
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y^Q y ^ad * eo». COB. »\ 

from frhich we cm euilj calculate the magnitude and directioD of 
the total pressure or strain. 

For the case of a beam leaning on a wall, Fig. 29, fi » 90°, 
hence : 

jj_G»co».»_ Gieotg.i-P,MdV~G-^ 
Itin.i I 

the weight of the beam. 



For- the case of a beam leaning on a wall inclined at the same 
angles as the beam, ae in Fig. 30 at £, — 6, hence; 

P^G ' coa. i, 

if- G ' tin. t cot. «, and K— G /l _ ^ «w. 8'\. 

§ 22. Thrust ofltooft. — The formulas found in the preceding para- 
graphs are immediately applicable to calculating the thrust of rafters 
or "couples" for roofs {Fr. fermes). According to these, we have in 
the case of simple lean-to and coupled roofs, as in Figs. SI and S2, 



for the horizontal thrust acting at the lower and upper end : 
//■■—' eotg. 8, or, as in this case t^^lyH— i[G eotg. i ; 
again the vertical pressure at the upper end— 0, anL>> G the weight 
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of the conple and its load at the lower end. If we put the height 
of roof BC ^ A, and the span or width JIC — DC v (, then 

ectg. i mi ~, and hence the thmst of the oonple ib } G -; and thu$ 

tee lee that the horizontal thrutt inereaaei direeU]/ at the tpan, and 
inversely aa the height or pjteh of the roof. The usual limits of h 
are between 2b and }£. The former ratio is that of church roofs 
of the Saion and Norman period, and the latter that of the flat 
Italian roofs of modem hoosee. In the former, i b 26° 34', and 
in the latter 68° 26'. The thrust of the couples is very great in flat 
roofs; in the Italian roof, for instance, as above specified, the thrust 
equals the whole weight of the couple and load ; in the Saxon roof 
the thrust is not above one-fourth of this. The feet of the couple 
most be mortiojd, or otherwise fastened into the beam (tie-beam) to 
prevent sliding. The entire pressure of a rafte r at its foo t A is : 

B-^/P-H V*~^l + \icotg.if. G-Jl + (4y-G, 

and for RAH— t) t^he angle made bj the line of pressure with the 
horizon, we hare 

tang, t — -=-, — j — t- • 2 tang. «. 

H ^Qb b 

Thus we may find the direction of the total throat at the foot, br 
doubling the height of the couple ; or, bj making CE <■ 2 . Co, 
and drawing a line through the foot Ji, from the point E, and pro- 
ducing it to R. 

For the pair of rafters, Fig. 82, in which the rafters are of equal 
length, these exert on each other only a horizontal thrust ; but if 
the rafters be of uneqnal length, as in Fig. 8S, the force P with 
which one rafter presses upon 

the other, deviates by a certain ^«- ^3. 

angle from the horizontal. If 
G be the weight of one rafter 
AB, and G, ^at of the other 
CB, and if i and 4, be the 
angle of inclination of these 
rafters to the horizon, and if a 
be the angle of inclination 
BDC of the plane in which we 
may conceive the rafters to 
abut on each other, and against 
which the force P acts at right 
angles, we hare : 

P - 1 Geoa.i ^^^ _ G,o,. J. ^^^^ 

■ co». (a — ») ' C09. (180° — d— a,) 

— Gco».9 cot. (3 + »,) ■■ G, cot. e^ cot. ((»—>), or 

C [tin, g «i'n. a, — cot, a c ot. 8,) G^Jtin^ ti n. * + c ob, a cot, i) . 

stn. A cot. a, tin. A cob, i 
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dividing, we h»e : 

G (tang. 8, — aag. fi)^ G, tang. » + cotg. pj, thus 
c^tang. 3 - G tang. t,-G, tang, i ^ 

And from this ve have the horizontal thrait of both raftera : 

CM. {» — a) «»to. fl + taiur. < 
■ }(G+G,) 

As to the vertical presenres V and F', at the rafter feet, the one 
is equal to the weight G, minna the vertical component Qim P 
CM. ^, and the other is equal to the weight G, plus this compo- 
nent; or, 

tang. J + tang, i^ 
and K - G, + i / Gto^-gi-G.to"ff-n 
\ fan^. s + ton^/- 4, / 

£iiunpfc. The roof ABD (Pig. 32), is 40 fset span, knd 30 feel heiglit, rtiiI ooaiiM 
or couples 4 reel from centre lo ceoire. 6 X ^ ■'^'i (cantlingi — required Ihe thnin. 
Aaniming each tqusre foot of rrioflni! to weig^ 19 Iba^ we have fat the load on rsch 
n fter 1SX4 sAl)' +3Cr — 60v^l3UO — 3183 Ibi. TherafterilMtf weigb* i X} X 44 
V^j0*-|-30*~ V v/1300 — dSe lbs., and, theralbre, tha venical prennre of « rafter 
rBO_3163-|-S9B — sega llit.,andtfaetbrattH)a.^w).2e93 |}_8e7 lbs. 

§ 28. Compound Roof a. — In maoT framings, as in mansard roofs, 
the rafter DE, Fig. 34, does not rest on a tie- 
Tic. 34. beam, but on • second rafter CD, and this again 

on a third, and fourth, and so on. That the 
pressure of one beam may be completelj trans- 
ferred to the next in this case, it is necessary 
that they should have certain relative posiUons. 
These positions are determined by the condi- 
tions that any two beams abutting against each 
other should undergo equal horiiontal pressures. 
The horiiontal pressure of the rafter i>£, is 
H—^G cotg. t, when G— the weight, and a 
its inclination. For the second beam or ratter 

J)C:H^ — * ^'^ + ^'^ , when G. and a, de- 
tang. a, — tang, a 
note weight and inclination of tjaa second beam. Hence by equating 
the two values, we have : 

G cotg. i G+_Gj ^ j_ ^ 

tang, t, — tang, i 

tang, a, — tang, a + ^ — % *"'W- • — (^ -I- ^f) ^"^- ' > 
and, in like manner, for the inclination I, of a third beam, seeing 
that the horizontal thrutt it evergirkere the tame. 
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G cotff. s — 



8, — tang. B, 
tanff. 8, — tatig. «, + -■ ^ —- *«'V- « 

and in like manner for a fourth: 

ttmg. 8, V tang. 6, -f — ' - ^ — i tang, t 

-[^(• + §+f)+ &]'""'•'• *'^ 

If each beam be of the same weight G, then 
tang. 8, ■■ 8 tang, t, tang. 8, ^ 5 tang, i, tang, i, *• 7 tang. S, 
tang. 8^ a 9 (attjr- >, &c. 

If, therefore, in this form of roof, the height EH, Fig. 84, corre- 
sponding to the first beam or rafter DE, be set off npwarda repeatedly, 
and throngh the divisions 1, 3, 5, 7, &c., lines Dl, 03, D5, D7, &c., 
be drawn, these lines give the inclinations of the other rafters. It 
18 also evident, that the figure of this combination of rafters is that 
of a funicular polygon formed by the weights G„ G„ G,, &c. {tee 
Vol. I. § 144), and this coincidence is quite explained, if we conceive 
the two halves of the weight G of each beam collected at its ends 
D, C, B, A, &o., and pullinfr downwards, that is, if we assnme the 
weight G acting at each of these points. 

If we take the beams very short, and very numerous, the axis of 
meh a framing becomes a catenary, 

% 24. 8upw>rted Raster: — If the head of a rafter rests on a pillar 
BC, Fig. 35, the thrast of the rafter is less 
than when it merely leans on a vertical wall. FIr. as. 

In this eaae, according to § 21*, the pressure 
on the head of this pillar is: 

P^GieoB.iwm^Geot.i, 

and the horizontal thmst: 
H^ P (tn. 8 *- ^ G 0M. 8 sm. 8 — } G nn. 2 8. 
As the pillar supports a part of the weight 
G m, V— P eoi. 8 — } G (cos. a)*, the beam 
does not, of course, press with its whole weight 
G on the foot A; bat with a force: 
J> G~iG{co». 8)»- G[l — ^(eo:if] - } G[l + {tin. S)*]. 
From this vertical pressure, and the honiontal thrust H, we get 
the angle f, which the resultant R makes with the horizon, viz: 

If we introdnce the depth AC k ( and height BC > h, we get 
if B — — . _, while in the case of the beam simply leaning, we 




46 EIHO-POBTB. 

IiaJH_|. 

whose weight ia r, we hare O ■■ v^(* + A* . y, and ther efore in the 

one ca.0 H _ — '*' ■ and fop the other IT- ' ^'^ + *' . ,, 

80 that if the pillar support the rafter, the honEontal thrmt is so 
much the less the lover the roof; while for roofs withoat such sup- 
port, the thrnst is neater as the roof is lower. 

That the post BC inaj not be oTertomed hy the horisontal force 
H, it is necesAary to support it by a wall. 

The relations of the forces 
R«. 36, noi, diseusaed, occur io the 

coupled roof, shown in Fig. 
86, applicable in some cases, 
where the rafters are sup- 
ported at the ridge bya cen- 
tral wall or column. The pil- 
lar takes up the weights ^ G 
{oog. ty, ^ G {co$. «)*, and 
transfers, therefore, the ver- 
tical presBore G {cot. b)* to 
its support, and the hori- 
zontal thrust H^t I G sin. 2 3. There is no side support required 
for the pillar, as the horizontal thrust is equal on eacn side. 

fimipb. FotlKeroof inlheeinmpleloSSa.lbelowlinyorooe rnflet fi « 9609 lU^ 
A B30lt^k— 30 fMt, tberarore, tang.t^^, oc t ~ S6° lb' 3a"; and, tli««fore, 
when B pillai u put in, the borizonnl thrust a; 

/f_£^««. 119° 3T 18" -■ 073 WK. 67" Sa* 48" ■■ 631 Ibfc 

* 

The TUiScal preouTs taken ap by ihe pillar it Ps '"^ (en. 56° IV 30"]* — 740,3 
lb«.i and, tharelnra,ibebeamnppoTiiaairaiDof 0Dl7 3e9S — 74 S^ w 1049 Itaa. 

§ 25. King-potta. — Whilst in the cases just considered the posts 
relieve the tie-beam (or walla in the absence of a tie) of a part of the 
thrust of the rafters, the king-potty BC, Fig. 87, acta in a rerj 
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different iray ; it carries & part of the weight of the tie-beam ^D, 
and transfers it through the rafters ^B and DB to act as thrust on 
the side walls, or rather as tensile strain on the tie. The force Q 
acting through the king-post, ma; be deduced from the ecantlings 
of, and kind of load acting on the beam ^D. If the load be uni- 
formly distributed, it may be aBBumed, that the one half is supported 
by aid side walls, the other half hangs on the king-post ; but if the 
load be applied at the centre of the tie, it must be considered as 
acting entirely on the king-post. The force Q on the king-post is 
decomposed into two others in the direction of the rafters, the ralue 

of each of which ie S ^ — -= — ; and if we combine these forces with 

2 «m. t 
those arising from the weights G, G of the rafters, we get the hori- 
xontal thnut in Ji and D : 

H— ^ G eotg. i -f- Se<». i . ^'X^- • ^9- '» 

and the vertical pressore at that point ; 



V— G + Stin-i - 



Q 



For bridges and roofs of great span, more complicated framing, 
with two or more posts, and termed tnutet, are applied. Fig. 38 



represents a tna$ with two posts, termed mteen-poBts, BC and i),C„ 
with a collar beam between them ££,. The manner of calculating 
the strains in this framing is eiactly similar to that for the simple 
couple with king-post. From the load on a queen-post Q, the hori- 
lontal thrust on the collar-beam tending to compress it, and acting 
on the side walls, if there be no tie, is /f — i Q eotg. e, when t is 
the inclination (tf the raftert or bracet JIB and A^B, to the horizon. 
As this angle is frequently a small one, the thrust is considerable, 
and, therefore, care must be taken with the foot fastenings (>m 
Vol. II. S 17). The soantliuffs of the braces and collar beams must 
be fized by the rules in Vol. I. § 206, &c., so that they shall resist 
flexure and fracture, when exposed to forces 



, and /f — \ Qeotg. t. 



2 (in. 1 
The force Q depends on the loading of the bridge or roof. If the 



48 TIMBBB BKIDSBS. 

load be uDiformlj difliised, we shall do best to assame that each post 
carries ^, and each side wall i of the load. 

Examplt. SuppoM ibe IruweJ bridge in Fig. 3S, derigned u one of two Ibr s 00 laM 

■pan bimI 12 Teet wide bniliie: suppoM each aquare foot of ibe bridge lOBelbaT with iti 

load weighs U) lbs, ibe we^^t of ibe bridge i> IS x SO X M— 39000 Iba-.and tbe load 

on tlie queen-pom m: ^*""" « 13000. Tberefote, Tot an ioolinalira of the taften of 

aafitheborizonlalpTeHure- i 13000 

Pi„ a« axg. aai' — DOOOxMMS — i«8S 

lbs , KHd the ihnul through each laftei 



6000 



_ 1S6T9 Ibi. The balf 



... aai- 

of ihese nraini come oa the pieces of 
each of the two iruMe^ *o that on eBch 
COllaT there would be 7S42,S Ibi., and 
oa wch rafter 7(I3B,S lbs. If wa lake 
die recitlattce of wood (Vol. I. f SOS) 
at 7400 IbL, and if we Mrain onljr to 
^ of the aheolate itrength, we get 
Ibr the Motion of each oollar beam 
_ 7^43.5. go _ 1448.5 ^ ,^„ 
" 7400 " 74 ■" ' 
1839.5 . 20 ^ iM29 _ 2,2 ^^^ i,.,^^ 



•quare inchea, and Ibr racli brace or laflet 



Tta.40. 

in eacli of ibese it may be ammted 
that each of the fouT posts or uprigbU 
cartin oiie-fll^b of the entire load, and 
ibsi Ibe rernaining BUh re>l* iramedi* 
Btely on the side walls. In the con- 
slruclion shown in Fig. 40, the direc- 
tion* of the difleient mnen are not 
Optional, biit aei-endent one upon the 
Other. If Q be the WfiHiii on each potr, 
and ) the incliiiaiion or ihs bmce BC, 
and t, thai of JB, the liorizoolal ihniat 
H — Q «(f . > — (Q + Q) rtUg. »„ hence oXj. » •- 2 nXg. », 
or foi^. >, H 3 (oag. I 

$ 26. Timber Bridget.— The framings in the foregoing section 
support the road-waj or ceiling by- 
Fig. 4i. suspension, but there are trusses 
applied for bridges, which support 
the road-way on the opposite prin- 
ciple of Buataining them. In these 
latter, the distribution of the pres- 
sure takes place exactly as in the 
former. In the simple case shown 
in Fig. 41, we have from the verti- 
cal force Q acting at the centre of Hie bridge ^j3„ the horiion- 
tal thrust H ^ i Q cotg. *, and the strain on the »pear or ttrut 
BC — S — I " , when » is the inclination of the strut. In the 
exnmple, Fig. 42, the forces are the same, but in this case Q may 



TIMBER DRIDQES. 



be taken at ^ of the whole load, whilst Id the base Fig. 41, Q » J 
the load. The piece CC^ in Fig. 42 is termed a ttraining cill. If 



there he a double set of struts or spears, as indicated in Fig. 43, 
there are four struts, and it may be assumed that each carries one- 
fifth of the whole load, or 

Q — i G. To prevent de- ^'•■-- '" 

flection of longspeara, brac€» 
or counter-braces JID, ^jD, 
are added, particularly when 
there are several sets of 
Bpears. The distribution of 
the pressure in the case of 

Bpears of unequal length be- v a ' 

ing used as in Fig. 44, is to "' * ' 

be taken as exactly the same 
as in Fig. 43, only that in 
these the braces or suspend* 
ing posts* CD, C^D^ become 
the more requisite as the 
struts come to have consi- 
derable length. It is proper Pi„. 4s. 
to take the weight of all the 
parts into calculation, and to 
reckon that half the weight 
of each part acts at its end. 
The centerings for bridges 
afford the most frequent ap- 
plication of the kind of fram- 
ing we are now considering. 
Figs. 45 and 46 remreaeut 

two SBoh centres. The pressure which each simple frame ABB^A. 
or ABJif undergoes and has to resist, may easily be determined 
by calcalating the weight of the part of the arch bearing upon it. 
VOL. n. — 5 



Fig- 46. If th« two spesrB abutting 

on each other have different 
inclinations to the horison, 
as in the constmction shown 
in Fig. 46, the atrain on them 
ia of course unequal. If the 
angles of inclination of two 
sudi spears — t and t,, and 
if the vertical pressare at 
the abutting joint — Q, the 

strain along the speara 5= . . ^ ' \ , <?, _ . ^, — '- ^ and 

the horizontal thrust of both - ^ - Q «>»■ ^ <"»• «.. 
tm. (( + *,) 
§ 27. Itoofi. — Ia roofs, collar 
^- *'• beams are applied to prevent deflex- 

ion of the rafters, as also quten-pottt, 
bracei, kc, and the nature of the 
forces may be traced, as in Figs. 47, 
48, 49. 

§ 28. Porta.— The strength of jmU 

lars and posts subjected to tensile or 

compressive strains, when these act 

in the direction of the axis, have been investigated, Vol. I. § 183 to 

§ 206. It, however, not unfrequently happens, that the forces act 

rig. 48. Tin. 40. 



out of the axial direction, and we shall, therefore, 
examine this case. EF in Fig. 50, represents a 
suspending post to which a tensile straio P is 
applied excentrically. Let F — the area I, the 
length EF of the post, a -> the leverage FH, or 
the distance of the direction of the force from that 
of the axis. Prolong FH in the opposite direc- 
tion, and make FL » F/f ~ a, and conceive that 
in L two equal and opposite forces J P, — J P 
act : there results an axial force FP b P, and 
a ooaple ^ P, — ^ P. The former extends all the 
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fibres uniformly by a quantity ^J b -r^ — = • l^ but the latter extends 

the fibres unequally on one side, and compresses them unequally on 
tbe other. If the post be rectangular, with the sectional dimen- 
sions h and A, where A is in the same plane as a, the moment of the 
force : 

Pa - ?2- WE^ ^|J*! f:(Vol. I. § 191), 

but the extension or compression of the fibres at the distance 1 from 

12 Pal 



the axis : >^ « . ,. ^, and that of the extreme fibres 



- . X, K — - — - , therefore the ereatest extension : 
2 6A*£ 



X— X, + 



2 JE \F^ bh'/ Ebh\ h) 



But for the force K producing rupture ^ -t^ «■ 79 hence the modulus of 

strength: 

IT M — f 1 4- -^ j, and inversely : 

Pb ^\ .K. 

If the post be cylindrical, and its radius b r, we have (Vol. L 
$ 195). 

and the longitudinal extension : 

x-x, + «..^l+l^^.^(l + ifV hence 
^ * Ht*E ^ Mr'E Kr*E\ r) 

P *'^^ 

1 + — 

r 

* If the force act at the periphery of the post, we have in the first 
case a "■ } A, and in the second a^r^ and, therefore, for the rectan- 
gular section P ^ ^ X, and for the cyUndrical P » "^^^ ^^ 

theoretically, a rectangular post will carry only ^, and a cylindrical 
one only I when loaded in the direction of the side of what it will 
oarry when fairly loaded. ExperimenU on cast iron give results of 
\ instead of \ for rectangular columns. 

The same laws apply to the uprights ACy Fig. 51, but then x must 
be taken as the greatest compression. 

If the column be inclined, as in Fig. 52, and if its foot make an 
angle «, with the horizon, we may decompose P into two others 
Pi^ P sin. a, and P^mm P coi. a, and in the equations for x^ and x,. 
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we must substitute P- ain. a, for P, and iMsideB this tbe eztensioD ^ 

produced by the normal force 

•^* !>'■ ^'E 52- P COB. », has to be introduced. 

If vfl eubstitute P cot, a for 

P, and / for a, we obtain ^ 

for the greatest extension or 
compression produced by the 
force P cog. a, and hence for 
rectangular sectioned beams 
this extension or compression. 



1 + _).,„,. + _»...]; 



and therefore the tcDsion ; 

Fia. 63. 



P = 



6i 

t'"-' 

If the arm Z*.^ be un the up-side of the beam, aa 



(\-T)' 



shown in Fig. 53, we then have: 



and for round columns the expression^becomes: 
P_- ' " 






0±t)' 



5 29. If a loaded beam .^B, Fig. 54, rests upon two uprights, the 
looii P bears upon each in the proportion j P on ^D, and -' P on 
BE, when l^, l^, and ?, represent the lengths ^B, CJi, and CB re- 
Fiz. S4. Fig OS. Tig. M. 



siiuutively. If a simitar bciim rests upon three or more uprights, 
the pretsure on each can only be determined by aid of the theory of 
the elastic resistance of materials. If weights P and P act at the 
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centre of the lengths ^C and BC, and if ire asBnise that the one 
part ^C is independent of the other part BC, the pressure on the 
centre upright « P, and that on each of the others = \P. But if 
we consider the beun as an entire piece, the circuniBtances are dif- 
ferent. 

When a beam &atened hy one end into a vail JiB, Hg. 56, sup- 
ports a weight P at C, and is supported at the other end B, the 
beam forms an elastic curve, horizontal at A, but inclining upwards 
at B. For simplicity's sake, let os assume P as acting at the middle 
C, and pat the length AB^2L The deflexion £ 7 of the outer 
half CB is equal to the deflexion of the inner half AD v BE plus 
the tangent distance TE. Bat according to Vol. L 1 189, the height 

BT K ^ ^ . . if P^ be the force on the end B required. Again the 

deflexion: 

^D.Zt i-(vp-vP)--^-i^i^. 

SWE iWE^^ ^ ' iWE eWE' 

and the taogent dutance: 

»nd h«Doe it follows: 

^ ^^-^+^-^i, or 16 P.- 5 P, therefore P. - ,', P. 

According to this view of the matter, the support B bears ] g P, 
and the point of fixture A ]^ P. The same relations obtain in the 
ease of a beam supported by three uprights, when the ends A and B 
are free to move up, but the middle part C kept horizontal. The 
nprights under A and B carry, therefore, each ^% of the weight P, 
wnilst ^e centre post carries f 3 P. 

If die supports be inclined as shown in Fig. 57, there arises a 
horizontal thrust /f b 1 P 

eotg. 8, with which the feet ^ig. 57. Fig. 58. 

of the posts tend to spread. 
IT, again, a beam resting 
upon two uprights be 
strengthened by two braces 
as shown in Fig. 58, we 
may, though only as an ap- 
proximation, assume that at 
each end A, A, a pressure 
— it Pacts; whilst on each 

point C, Cj, there is a pressure of i g P. If i be the angle of inclina- 
tion BCA of the braces BC, the horizontal thrust in C and £, » ^ S P 
If, again, I be the 
whole length AD, and l^ the part BD of the support measured op to 
the brace, the horisontal strain on the upright m -^ . ^"( P eoty. t, 
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and, tberefore, the column bus not only to bear the Tertical presaore 

P I 

_, but, likewise, » horiEODtal force ^ J ^f . P cotg. S, creating flex- 
ure round B. In order, therefore, to insure the BufSciency of such 
a frame, the formula : 

lP-bhK:h + e.\'( ^^~^'^ ^1 cotg. s\ 

must bo BatisSed. 

§ 30. Brace* or Struts. — Fig. ^9 shows a case of frequent occur- 
rence. Where a beam ^B, fixed in a wall or 
^R- 96- otherwise at one end, loaded at the other, is 

strengthened by a brace or strut CD. Let 
j9B the length of the beam »< /, and the part 
jIC « l„ the inclination of the beam » a, and 
that of the strut b i. From the load P there 
arises a vertical pressure in C downwards: 

V^j-P, and a vertical preaaure at ^ upteardg : 

r, — (-^-^) ■'*■ The first vertical presBure 

downwards resolves itself into two forces along the axes of the 
piecea: 

.c_ y<""-' _ iP^'-f ,and 



&.. 



tin. {t — o) l^ tin. (1 — a) 

Vcot.a IP cot. a 



. {i~ o) I, sin. (9 — a) 
Q Fig. "" ' 



The case shown in Fig. 60, where the beam is supported by a tie- 
brace, is to be treated in a manner exactly similar to the above. In 
most cases, the beam .^B is horizontal, or a >i 0°, then we hare : 



S— V cotg. « — -T- 



The dimensiona of the 
brace have to be determined 
in proportion to the strain 
S, acting on it, and that of 
the beam with reference to 
the strain S compressing it, 
and likewise the cross strain 
arising from P, acting with 
the moment P(i—/,}. Hence 
(§28): 



-a 



Lcc.,-6ii=R\ 



and by this equation, the section 6 A of the beam most be deter- 
mined. For the case shown in Fig. 61, we have to find the strain 
on the upright. The part DE of the upright is compressed by the 
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force P, and strained across by the moment Pl^ therefore we must 

h h IT 

put P SB , in order to get the required section b h. The piece 

m^Dy on the other hand, is under a tensile strain a 



(t^) 



P, whilst 



the cross strain is the same, as for lower part; we have, therefore, in 
this case : p ^ bh K 

h h 

If at the foot of the upright there be placed a strut FG, this 

IP , 
would take up the strain S » , if a be its inclination, and 

a C09. a 

PI 

a B EFy and the force S^ ss —-^ tang, a passes through the up- 

h 
rights. Hence the part EF of the upright is strained by a force 
=■ P — Sj or Sj — jP, the former when a cotang. a < Z, and the 
latter when a cotang. a > Z, or according as the strut falls within, 
or beyond, the point of suspension. 

ExampU. In the framing, Fig. 61, suppose P ai 1500 lbs., AB as 12 feet, the upright 
EA as 24 feet, the inclination of the braces as 45°, and the horizontal projection of each 
■B 6 feet ; requireii the necessary strength for the frame. 

The braces have strains: 

o IP 12.1600 3000 ^ovio IK .••!.. J 
St 8s ^ ass aes 4243 Ibs. to Withstand. 

1t9in.l 6 fin. 46'' U,7U71 
Taking 7400 as modulus of strength, we get, allowing 20 times absolute strength, the 

section of each brace as . 20 as 11,6 square inches. For the beam we may take 

7400 

according to Vol. I. § 198, JTas 12000 lbs., for brealcing across is here most likely to 

occur. Allowing 20 times the absolute strength, we have to put: 

Oft i^ftA 12000 6 A bh * 

20 . 1500 ^ , or MB 5. 

6 ./ . . 18 



2.1 + 



' + T 



If DOW we make the depth of the beam double its breadth, we get : 

26*ib5 (l^ Vorfts — f6iBy. From this we get the breadth of the beam 



3,1 inches, and the depth 6,2 inches. For the upright, that is, for the centre part, by 

similar reasoning we get : 

120006* ., , . bh . . . . , 180 
., that IS ^- ^ f, or 6 A as I .{ , 



30. 1600 



1 + 



6 . 12 



14- "^'^ 



and if in this case we make /^ ss 2 &, we get 6'* — { 6 as 46, from which 6 ss 3,7, and 
h BB 7,4 inches. 

§ 31. Compound Beams, — Beams laid upon one another, and 
united only by bolts, Fis. 62, have a resistance equal only to the 
ium of the resistances of the individual beams. If the beams only 
abut on each other, as in Fig. 63, and the butting joints be made to 



Fig. 62. 



FiK. 63. 
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break joint, the strength of <me beam u lott to the lehoU. If the 
beams be morticed, ana tenoned as in Figs. 64 and 65, well strapped 
together, the strength of the combination is almost eqnal to that of 
a solid beam of the same dimensions. 



Fig. 64. 



Fig. 65. 



Beams are frequentlr buiU in this manner, to get great strength. 
The resistance of the elements of a beam increase, as their distance 
from the neutral axis. If, therefore, we 
Fin. 6G separate two beams by thick tenons or 

wedges, and then strap or bolt them to- 
gether, as in Fig. 66, their Btreogth is con- 
siderably increased. If b be the breadth 
and h the depth, I the length and a the distance between the two 
beams, the strength of the combinations (Vol. I. § 200) is: 
, Aa+_2hf-^^ bK 
~V i(» + 2*) / 6 ■ 
If, fop emmple, a — 2 J, then J> - 14 L^ . ^, wh«re«! P 
_^bl^ K 

The same relations obtain in the beam, shown in Fig. 67, nnitetl 
by St. Andrew's crosses or lattice-fram- 
^'"f- ^T- ing. In like manner, we determine the 

strength of wooden beams, composed 
of curved pieces, as in the bridge. Fig. 
68, but it must be strictly borne in 
mind, that wooden framings lose mnch 
of their strength by defiexion. A principal advantage of such con- 
structions is, that they are more stiff, and less liable to vibrate than 



— , if the two beams bad only been morticed together.* 



viooi tu is lliB iTulli of iliia Btnlpini-nt, anJ etty bs a 'M tip[ilicaiion in praciice. it 
ilai that 10 little use ii mule or it in the conMmeiion of limbpr bridEea and other 
fi in this couDtrf. li 'a eTidemiy npplicable to tlie double beam arcbea, oHen 
I in the moiIIhI STCb and irusi bri.lgea. — An. En. 
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simple beams; &nd'that, as the; act only vertically on their points 
of support, they require no abutmentt, properly so called. 

Carved beams, as ahowo in Fig. 69, have been frequently applied 



in east iron structures, and cast iron arches, as in Fig. 70, are a very 
usually employed bridge material. To judge of the strength of Buoh. 



a structure, its line of resistance must be determined. If this fall 
everywhere within the arch, it shows that there is no cross-strain on 
the material, but only compression ; but if the line of resistance fall 
aithout the arch, the weak point is where it runs furthest from the 
arch, and the resistance of the material to cross- strains, is that upon 
which the stability, of the structure depends. 

[Proof of the ttrength of CompUx Structurei by meant of ModeU. — • 
The plan of solving questions in practical meclianics and engineer- 
ing by faithfully constructed models, preeeDts the very obvious ad- 
vantage of substituting the moderate cost of experiment for the often 
hnrdeDsome, sometimes ruinous, expense of experience. The condi- 
tions to be fulfilled in constructing models, so as to give reliable 
information in regard to the action or the stability of structures, 
may he stated as follows: — 

1st. An entire correspondence must exist in the model, (at least, 
of all essential parts,] to the scale of dimensions and weights on which 
it is proposed to represent the structure. 
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2d. Identity not only in the nature, but also in the condition of 
materials emplojed in the model and structure respectively. 

3d. Proportional accuracy in forming junctures; and proportional 
tension given by. tightening screws, keys, wedges, and other me- 
chanical means, by which the parts are compacted together. 

In testing the model, modes of introducing, distributing, and with- 
drawing loads, conformable to those which practice will involve in 
regard to the structure, must be observed, so as to subject the model 
to shocks, jars, inequality of pressure and irregularities of applica- 
tion, at least proportional to those which the structure wiVt be 
required to sustain. 

Supposing the model of a bridge to have been constructed accord- 
ing to the above requirements, it might be used for either of the two 
following purposes: — 

1. To determine what weight the ntrwstwre mil bear when under- 
going a given deflexion^ or when on the point of hreaking. 

2. To aecertain whether the principle of e(m9tr%ution be adequate 
to furnieh a bridge of the propoeed dimensioned and materiaie that 
can fulfil the epecijied duty. 

As a beam or bridge of uniform dimensions throughout will bear 
half as much weight accumulated at the centre as it could sustain if 
distributed throughout its length, the simplest mode of arriving at 
the result desired is to determine and apply to the centre of the 
model a weight which shall represent one-half the load supposed to 
come upon the structure. 

The following formula applies to the loading of the model at its 
centre. 

Let>i *■ the length, in feet, of the model between the points of 
support; p the weight in pounds which the model is to sustain at 
the centre, representing a load uniformly distributed over its length; 
w B the weight of so much of the model as lies over the clear open- 
ing between its piers ; r w the ratio of dimensions between the 
structure and the model; P ■■ the load which the structure must be 
able to bear, when accumulated at the centre. Then it is evident 
that r 2 *■ the length of structure between the piers. Since the 
relative resisting powers of similar beams or bridges are as the 
second powers of their corresponding dimensions, •*• r* : 1 : : resist- 
ing power of the structure : resisting power of the model. Hence, 
r^ {p + \w)^ the absolute resisting power of the structure. Also, 
since the weights of similar structures are as the third powers of 
their corresponding dimensions — or, what is the same thing, as the 
third powers of their ratios of dimensions — therefore r^ t^ *■ 'the 
absolute weight of the structure; so that the weight P, which, bv 
supposition, the structure can bear, accumulated at its centre, wiu 
be its absolute resisting ^ower, diminished by half its own weight. 

Hence. P - r« (p + I) _ !^ - r«;, _ !lii+jf^ - r-p- 
,-(r-l)|-r'(p_|xr-l)[l]. 
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Bat as, by suppoaitioD, I* is known, and it ia desired to fiiid p, the 
conrersion of the last formula gives p ^ — ^ tt ('' — ^) t^^' 



lii*n 



n plan, B briJge 



between Ihe pien ot I90 feel, and CBpsble ot ■uriaining Iwo tuna per fool of il 
or 300 tona in ali, Mjuallf dialributeJ orer in surrace. A moileJ ia made on the acsle or 
one inch lo ihe Tool, and weiKhing 130.3 pounti*, ejoluaive of the pan which retU 
directly ujion the abulment*. It is required lo find whai number or pounils must be 
dHpeoded from the cenire of the model, in order to prove whether any bridjie con- 
itnicied onibe plan, with ^e reladTO dimennoni BiHloTihe materiala umlin the model, 
will bear <be iatd above apacifled. 

SubMiluling tbe Taluea of tbe aevera[ aymboli in the lecond o( the above equaltona, 
300x_224U , 13«.3 ^ 



;; p = ^ + ^ (r- 1), we obtain p „ f: 



r + lilr X (12- 1) — 3082 



i X 12 

ptKindi; ami twice (hit number, or 6164 poonda, is the wei^l which the model ought 
lo bear, when diaiiibuled uniformly over its aurboe.] 

§ 32. Chain or Sutpennon Bridget. — Suspension bridges involve 
considerations distinct from tbe principle of the stability of either 
stone, wood, or cast iron bridges, iaaemnch as the road-way is sus- 
pended from chains or ropes, or is supported upon these. The 
former is the more frequent construction. Chains or cables drawn 
up with considerable foroe, between two or more piers or supports, 
paas over these to fastenings in rock or masonry, as shown in Fig. 
71. The chuns are formed of malleable iron bara, united by pins 

Fig. 71, 



or bolts : and cables of iron or steel wire, laid parallel or twisted 
tt^ether, are frequently employed instead of bar-chains. The 
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dimensionB of the links or bars, depend upon those of the bridge. 
In large bridges they are made about 1 inch thick, from 3 to 9 
inches deep, and from 10 to 16 feet long. Usually, several sets of 
bars are hung together, forming a compound chain united by coupling 
plates and bolts, as shown in Fig. 72 (or without coupling plates, 
according to Mr. Howard's patent plan). Wire cables are com- 
posed of wires of from i^'^ to ^ of an inch in diameter, and are made 
of any requisite diameter, varying from ^ an inch to 8 inches. The 

suspending rods consist of wrought 
Fig. 74. Fig. 75. iron rods, or of wire ropes. The 

n^^— ^^^ rods JlBy ^i^i, are hung by pins 
1^^^ ^^^^^^ passing through the coupUng plates 
Ul fti as shown in f^ig. 78, and suspend- 

I ing ropes are attached as shown 

I in Figs. 74 and 75, by means of 

r shackTes with eyes, or by a simple 

B A^ \ooi^. The cross-beams of the road* 

Bi|/^ way C, C, are sometimes fastened 

to the suspending rods as shown in 
Fig. 74, sometimes as shown in Fig. 
78. The rod goes either through the beam, and is then fastened 
by a n%i;t resting on a metal plate, or washer^ or a stirrup^ or strap 
is put over the beam, a hook on the upper side of which goes into 
the eye of the shackle of the suspension rope, or into the loop formed 
on it. Upon the cross-bearers longitudinal beams are laid, and these 
are covered with three inch planking, and again three inch cross 
planking, according to circumstances, and upon this road-metalling, 
&c., is laid. In general there are two systems of chains, one above 
the other, on each side of the bridge, and hence the number of sus- 

Kision rods is twice the number of joints in any one chain system. 
e distance from centre to centre of suspending rods is about five 
feet. 

' The parapet of the bridge ought to be framed so as to give the 
greatest stiffness to the road-way J* 

The width of road-way depends on the purposes which the bridge 
is to subserve. There should be 3 feet at least for a foot-path, and 
7 to 7| for a carriage way. For a bridge for ordinary traffic, a total 
width of 25 feet between the parapets is sufficient. 

§ 83. The versed sine of the arc of suspension bridges, is generally 
small in proportion to the cord, varying from 4 to 3^, and, there- 
fore, the strain on the chain is very great (Vol. I. § 144). The piers 
on which the chains pass, and the fastenings by which chains are 
held must withstand very considerable forces, and hence piers of 
great stability, and abutments, or rather anchorage^ of great resist- 
ance must be provided. T^ie span of suspension bridges is regu- 
lated by various circumstances. A series of smaller spans is often 
much more economical than one or more large spans to cover the 
same interval. 

• See Appendix. 
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The Menu bridge in England, the two bridges at Fribowg in 
Svitzerlftnd, the bnqge at Roche Bernard in France, the bridga OTer 
the Dannbe at Ofen, are examples of large spans of from 600 to 720 
feet ; whilst there are innnmerable instances of less span in every 
country. If the chain be not equally strained on the two sides of 
the pier, which always occnrs when one side only is loaded, the chain 
slides forward towards the side on which there is the greater load. 
As, however, there would arise considerable friction between the rope 
and the head of the pier, nuder the pressure of the resultant force 
being on it, the pier must hare stability to counteract a force equal 
to this friction. To prevent this action, special contrivances are 
adopted for diminishing the friction. These means consist, either in 
passing the chains over rollers or pnllies. Fig. 76, which reduces the 
sliding friction to a rolling friction on a small axle, or the chains 
paas over a sector which rocks on the head of the pier, inclining to 
one side or the other as external forces act upon it ; or, lastly, the 
pier is made as a column rocking on its foot, or on a horizontal axis 
at ita foot. That the resultant of the forces acting on the chain may 
press vertioally on the pier head, and thus be least struned by it, it 
IS necessary that the parts of the chain on each side of the pillar 
should have equal inclinations to the borison. If this eqaality can- 
not be obtained, as is not nnfrequentlv the case for the land piers 
of bridges, the piers must be considerably strengthened. 

Fif. 78. Fig. 77. 



To fasten the ends of the chains to the land, various devices have 
been practised, the general plan of which is to carry the chains by 
wells or drifts into the rock or soil, and there to fasten them to 
broad iron or wooden piles, or planking as at ^B, Fig. 77, wluch 
abut upon substantial retaining walls of masonry, or against an arch, 
or against the rock itself. The fastenings can thus be examined at 
any time, and adjusting wedges for compensating the influences of 
expansion and contraction be conveniently manipalated. 

Amort. Oo Oi^ aulijact of nitpensKKi bridge*, Ilie imxl complete ireatiK is tlial nr 
IfBTier, "Raiipott et Mimoire aur lei ponU ■utpeiidiu, PBris, 18'i3," Tbe paper* oT Mr. 
VOL. U.—6 
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DBTias Gilbert, in (be " Tranmclioiu of the Rofil Sociely ot Loodon, lese," are impbrt- 
anl in ihe bialoTy of ibera bridgei. In Moseley'i " Engineering and Architoctuie" ihere 
IB a verf elegant inveniicalion of Ihe properliea aC thsie icruciareB. The treatise of 
Drewry on "Suspenaion Brii<ge>, 1833," ia a very exoellent reiumA of Ihs geoFiiil fnc- 
lice in retpeci 10 tuspenaion bridgea. The accouat of the Buipenaion bridge over the Vi- 
Inine, at La Rocha Bernard, by Leblanc, Parii,' 1841, ii very inanucliveti Tbeie ii a 
■realise of Srgutn, " M^moire aui lea ponla en &\ de fer," worthy of alienlion. There 
are many memoir* in the ■'Annales de* ponta et cbauufee" on ibis subjeot; and, in the 
volume for 1843, there ij an aocouni of a bridiia mads oTriUnmt or hoop iron. 

§ S4. The cnrve formed by the chain or cable of a suspension 
bridge, lies between the parabola and the catenary, and i^ very 
nearly an ellipse. The parabola approximates the curve in the 
loaded bridge, the catenary in the unloaded (compare Vol. L § 144 
and § 145, &o.). We shall consider the cnrve as a parabola, or the 
bridge in its loaded state. 

If the two points of suspension B and D, Fig. 78, of a chain, be 



on the same level, and if BD ~ 2 &, and AC the versed sine or 
height of the arc — a, and the angle CBT^ CDT^^ •, then 

ten^....-^-^(Vol.I.§144). 
If the points of Buspennon be at different levels, as in Fig. 79, the 



apex of the carve is not in the centre, and the ends of the chain 
have different inclinations. If we put the co-ordinates AC and BC 
— a and h, and the co-ordinates AF and FD — a^ and J„ we put 
the whole span BE m t, and the difference of DE b A, we have; 
A " a — «„ J ■■ 6 -(- &i, and - 
8, and a: 
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1+1^ 1+ \± 

and for the angles of inclination a and a^: 

- 2 a J . 2 a, 

tang, a s -— -, and tang* o^ ^ —r-^* 

The length of the parts of the chain ^B b I and JiD as 7^, is 
expressed by: 

? . J [l + i g)*], and Z, - A, [l + I (^)*], (Vol. I. § 147). 

If we have the distance e between the suspension rods, their num- 
ber for a length ACs (, is n «■ -; and if in the equation z a ^ a, 

we substitute for y the values Oy e^ 2ey Se^ ie^ kc, we get for the 
lengths of the suspension rods: 

0* 6' 0* f n* n* n' 

to each of which a few inches are to be added. 

From the weight G of the loaded half of the chain ^B^ the hori- 
zontal tension of the whob chain: 

Hs^ G eotg. « w -_ G, and the entitle tension xm the end: 

2a 

g^ G 2aG 



•in. fk v^J« 4- 4a* 

If we know the modulus of strength of the chains and suspension 
rods, we can determine the sectional dimensions they should have. 
According to French experience, the greatest load that should be 
brought on chains, is 12 kilogrammes per square millimetre (or about 
8 tons on the square inch), and for cables of iron wire 18 kilog. per 
square millim., or about 12 tons per square inch. The ^u^emian 
rods are made much stronger in proportion, as they have to resist the 
shocks of loaded wagons, &c., passing along the oridge. The load 
on them is reduced to from 1^ to 8 tons per square inch of section. 

§ 85. Sectional Dimensions of the Chains and Ropes. — In order 
to determine the dimensions of the parts of a suspension bridge, we 
have to take itito consideration, not only the weight of the road- way, 
but also the greatest weight of men, as troops, or of cattle, or of 
wagons, that can be brought to bear upon it. This has been taken 
as 42 lbs. per square foot of surface by Navier, but in the case of a 
dense crowd of persons, it might amount to 72 lbs. per square foot. 
Having assumed a certain maximum load, the dimensions of the 
cross and longitudinal beams have to be determined, and hence we 
find the- entire weight of the road-way. If we put the sum of this 
constant weight, and the maximum load that may come on to the 
bridge «■ 6^, and the modulus of strength of the suspension rods 

B Ky we get for the section of these f\ «■ -^. From this we have 
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the weight of these rods, which has to be added to that of the ro&d 
and load, in order to put the total load on the chain G. If we 
put the section of the chains *■ JF, and the specific gravity of the 
iron SB y, we have, retaining the notation as above, the weight of the 
chains : 

and hence the total load on one-half the bridge : 

and the strain at the point of suspension 

sin. o iin. a 

But for the necessary security S » FK (where K is the modulus of 
strength), therefore ; 

FKsin.a-b^l+ t(f)*]r-G„ 

u €., the section of the chains: 
F^ ^i 



ii:«m. — iri + *(!)'] 



ExampU, The dirnenaous of the parts of a saspension bridge of 150 feet span, 15 
feet deflexion, and 25 feet in width are required. Suppose 45 suspension rods on each 
side, we have then 44 equal parts of 3,409 feet each. The length of theiBO rods, oom- 

mencing at the centre would be 0, H :bs 0,031, 4 . 1^ s 0,124, 9 . i^ a 0,279, 10 . — 

22* 22« 221 22« 

15 
WM 0,496, 25 . — ^ 0,775 feet, &c^ or if we add to each 2 inches, the length becomes : 

♦♦" 

2, 2,37, 3,49, 5,35, 7,95, 11,30 inches, &a 

The maximum load on the half bridge, we shall take aoooiding to Navier 

75 X 25 X 42 lbs. ae 78750 lbs., and if the road-way weighs a little less than a ton per 

foot of length G, aas 157500, and the section of all the rods of one-half of the bridge: 

157500 
1*1 on-! as 72 square inches. The whole bridge is nispended on 90 rods, and, 

*19U 

72 2 
l^enoe the section of each rod is — I — cs 1}6 square inches, or the diameter of the rods 

45.2 ^ 

must be 1«427 inches. According to the rules for the quadramre of the parabola, the 
mean length of a suspension rod as ) that of the largest, therefore, «■! . 15«b5 feet, 
and if as above, we add 2 inches to it, then it ■■ 5^ feet, or 62 inches. Thus the Tolume 
of all the rods is 90 X 02 x 1>0 » 8^28 cubic inches, and the weight taken at 0,29 lbs. per 
cubic inch as 2598 lbs. The half of this added to the above-fimnd weight of half the 
road-way gives 6:v 158794 . 5 lbs., and, hence, according to the formula: 



Ktm, «— 6 



['+»©•] 



if, 6, » 158794,5, fsi 17500, 6b75 X 12b900,-8s1£» 0,2083 ,ymm 0,29, 

h TZ 

«nHW- 2 a 30 1 I 

and mu « as 



\/A^+4a» \/75*+3a» \/6,26 + 1 >/l^ 
p 158794,5 158794,5 158794,5 

** 17600. U,37 14— 900. 0,29(1 + }.0,2083*)™ 6499,5—268,6 ™ 6231,0 



i 
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SB 39,46 gqiMure inches^ and, therefi>re, lor 4 efaoins the wMaon of ench wobld be 6,37 
fquato inches. 

§ 86. JEhngation of Chains. — ^Tbe ehams are elongaied by the 
load, and, therefore, the deflexion is increased* Changes of tetn- 
perature also, produce variations in the length of the chains* We 
must know the effects of both these^ If the deflexion change^ from 
a to a^y the length. 

and hence the elongation of the chain : 

or if A be the increase in the deflexion, and if we put as an approxi* 

mation a + ^i •■ 2 a, x^ a | ^ a, and, therefore, for the whole chain 

b 

n h 

X SB I -. A, inyersel J a a | - x. From the weight 6 of the half 
b a 

bridge, the horizontal tension or tension at the apex, H^ G cotg. o, 

/J 

and the tension at the ends : S as —, , therefore, the mean tension 

as — ^ — as — L_Z_£l??L?i, and the extension of the chains caused 
2 2 9in. o 

by this forcex « (1 + ^o^- <*) . -^ . 2 i, (VoL L § 188), for which 

we may put as an approximation : x a ■ , . If we introduce 

thiB value into that for a, we get the increase in the deflexion for 
the loaded chains : 

a " FE «».•"" FE m, • * a ' 
or tin. • « — ^ or approximately ■■ — -— , tre get 

Malleable iron expands 0,0000122 of its length for a rise of tem- 
perature of one degree of oentisrade (—,0000068 for 1^ Fahr.). 
This increase is, therefore, 0,0000122 . 2 2 ^ for the length of chain 
I, and a rise of t degrees of temperature, or 0,0000244 1 1, . Putting 
this in the .expression for a, we get the increase of deflexion for a 
rise of temperature ti 

A « f . - . 0,0000244 . It, or approximately — 0,00000915 . t — . 
a a 

In like manner the contraction is determined for decrease of tem* 

perature. 

Exampk. Retaining the values of the example in the last paragraph, we get the 
increaae of the height of the aro oorretponding to the toad, taking the modulus of elas- 

6* 
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licitr of mallnble inm b SWOOOOO (Vtd. t i 18(1), and luUiiiB 6841,8 Ibi. the hatf- 
weiyhi of ibe chain* (o Ibn load 1 08TM,S lbs. 

G — 1S87HS + 6841,8 « 185636^ lbs. 

A.e|. 16Ma8,3 WW ^ 1397 _ ^ .^j^ For a change of lerapeniture- 

2M8.SeO0O(XKI 18(r 139 
of 30° C. thia ebange ofdeaexion U: 

0,00000915 . 30 . S^ M 0,4 indiH. 

Fig. 80. § 37, Piert arid Abutment*. — The pro- 

portione of the piere and abatmenta form 
an importaDt consideration. 

If S Mid S^ be the tension on the ends of 
the chain, Fig. 80, and a and », the angles 
of inclination, the vertical pressure on the 
pier; 

r, - F+ F, - 5«tt. . + 5, «'«. «„ 
and the horizontal pressure, »a the horizon- 
tal tensions coonteraeteadi other, 
H, — H— H,^Seot.« — S, eot. •,. 
If, nov, A be the height, b the tveadth, sad d the depth or thick- 
ne68 of a pier, the density of the maaonr; of which ■> ?, its weight 
i8bdhy = G, and the total vertical preesnre k F, + G — 5 tin. <> 
+ S,ain.a^ + bdky. In order, however, (hat the horisontal force i^ 
~ H — H^ may not turn the pier on the edge B, it is requisite that 
the statical moment: 

^ . LX — if, A - {iS CM. » — ,?, eot. .,) h 
should be less than the BtaUo&l moment: 



t. e. it is requisite that: 

J. 3 tin, g + tg, »in. «, , 2 (Scot, a. — iS, cog. »i) 
dhf d-r ' 

For the sake of security, the greatest value of S eot, • and the 
least value of Si eot. a, are to be taken, that is to say (9 is to be 
taken aa completely loaded, and S^ as unloaded. This formula as- 
sumes that the forces S and S, are entirely transferred io the pier 
head, which, of course, only takes place when the friction on the 
pier head exceeds the difference S — iS*, of the tensions. According 
to Vol. I. § 175, this friction is: 



.[(l + 2/W..|)--l].J„ 

e co-efficient of friction, » tbe i 
i $ the central angle correspoi 
■« that: 

^ — 5. * [(l + 2 / tin. 0"— l] S„ 



where / is the co-efficient of friction, » tbe nnmbw of links on the 
pier head, and $ the central angle corresponding to one Uni, it is 
hence requisite that: 
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«? </l + 2/Mn. ^ViS^. llDless this condition be fulfilled, the 

ehabx vill elide on the pier head, and therefore we have wily to put 

S^{l+ 2/«n. tViS,, or for ropes S-ef'S, (Vol. I. § 176), 

in the above formula. If the chain or cable be laid upon puUeja, 
this difference is mach less, and, therefore, the recjoiaite thickness of 
pier ia less. If the radius of the pulleys « a, and the radius of the 
axes on which thej turn v r, then : 

5- ^ +/? {5«n. . + 5, n«. «,)> 
for the friotioD reduced to that of the axis may be put ■— / - {Siin. 
• + 5i «n. »,)-./*( r + F,). If the rope passes over rollers, 

then the friction is «o much reduced, that we may pat S ■- S^. 

From the tension S on tbe land or back 
^ains, we ean determine the dimenaiona of -^^ ^^• 

the retaining wall ^C, Fig. 81. 

7he strain S tends to torn the masonry 
^C round C, uid acts with a lererase 
CJf wm CD tin. 9^ I tin. >, if . be the 
angle of inclination SDC of the rope to 
the horizon, and I the length CD at the 
wall. The height of the wall resists with 
tiie moment: 

G . CM ^ hdly . L^ i hdly, 

where A is die height BC, d the depth, and 

r the weight of the maaonry. For equilibrium S I tin. a^^hd^y, 

and, therefore, the requisite width of wall I >■ — r^ -- ' • T" insiTe 

liability this DuiBt be donbled. That such a wall niay not he pushed 
forward, the friction/ (O — S nn. a) must be greater than the hori- 
lOBtal foree S cot. a, or, / G > 5 {cot. a +/ tin. a). 



. ?=. 
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*»r V / ' 

I. Fof ibe ■uipenvion briJge menikmod in prevjooj panjtnipht, the vertical 
foira or ibe loaded cbtiio: V^l&6a36,3 lU., nnil ihat of the unloaded: 
r, H y— 78790 « BeB86,3 lb*., if now we lappoM friction pulleji (o be applied, tfa« 
radio* or each pulley being to ibat oTiMaiis ii ' a }and/^l,ttie Triction hi the pul- 
ley* would be ^ . } . (1flSe36,3 + BAaB6,3) b 1STS3,6 Ibi., or much leu than ibe diH 
ferenee of the leeaioni, and thereibre the chaini would move, and tbe pnllayt.tura till 
the Monon on the one had bo liii: ItKreaMd, and ihat on the oihet go Ihr decreeied ihat 
the differeiMie would be only 19782,6 Iba. If now (he beight of the pier be ]6 feet, the 
thickneM 4 feet, and the weiglit of Ibe maaonry 130 lb*, per cubic IbM, we have for the 
peciiary width of pieri : 
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^ , 252522,6 ^ 2 . 15782,6 eg.. > ,^ ^ , ,, ^ 15782,6 . 0,9285 ^ ^ 
^ 16 . 4 . 130 4 . 130 ^ 260 

Tbereibre, 6 ^ ''^^^^^ "" ^ « 1,75 feet ThiB would, iA practice, be made 4 to 5 feet 

«>U,4 

The requisite length of retaining wall, when hs^l6 and <f as 16 feet, is: 

ggw<*»> ^ 2 . 165636,3 ^ jg g ^ ^^^.^j^ ^^^j^ ^^ ^^^ 2^ ^ ^g j^^ practioe. 
Arfy 16.10.130 



6TRSKGTH OF MATERIALS.'*' 

The strength of an engineer's work depends upon its proporiwMj 
the materiaU of which it is composed, and the manner cf pvUing 
them together. 

As to stability, a structure may yield, under the pressures to which 
it is subjected, either by the slipping of certain of its surfaces of con* 
tact upon one another^ or by their turning over Upon the edges of one 
another. The former case very rarely occurs. 

The strength of materials depends upon their physical eonstitu* 
tion, viz: /onii, teocture^ hardness^ elastidttf, and du^Uitg.f Th^ 
resistance of materials in buildings is tested in reference to yarious 
dtrains-— compressions-extension— detru8ion---deflexion under a cross 
Strain, and fracture under a cross strain. 

A* Compression. — In prismatic pieces of stone^ wood, or eaJ8t «Von, 
which absolutely crush under a strain, the strength is directly pro* 
portional to the transverse area of the piece. 

: Pieces exposed to compression are not fairly crushed, but in some 
measure broken across, where their height is to their diameter or 
least lateral dimensions in the case of^ 

Stone, more than as 6 to 1? 
; Wood, « « 4 to 1 

Cast iron, " ^« 8J to 1 
Wrought iron, " 2J to 1 

The manner in which materials yield under a crushing strain is 
very remarkable, as is exhibited by the experiments of Rondelet, 
Vicat, and E. Hodgkinson, the latter of whom has found, that the 
plane of rupture is always inclined at the same angle to the base of 
the column, when its height is within the limits aboye mentioned. 
The angle of rupture depends upon the nature of the material. In 
cast iron, for instance, it varies from 48^ to 58^ in different makes 
of iron, though confined to narrow limits for different prisms of the 
Same make. — See ^^ Report British Association/' I8869 and Mose- 
ley's "Engineering,** p. 660. . 

* Professor Weisbach has treated this subject as it it usually given in elementary 
works on mechanica. Exipepting as exhibiting approximately the laws of the phenomena, 
the ** theory of the strength of the materials" has many practical defects. These we shall 
not here enumerate; but have put together, in as concise a form as possible, what we 
consider to be the most valuable part of our present knowledge on this subject to engi- 
neers or architects engaged in the execution of works. 

t See, on this subject, Poncelet's ** Mecanique Industrielle." 
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TABLE OF THB RESISTANCE OF MATBRULS TO CRUSHING. 





Ibt. per sq. inch. 


Granite, Scotch 


.. 10804 to 8184 


• Corowall , 


. 6293 


Sandftone, Dander . 


. 6490 


«• Derby , 


. 3110 


Marble (white) 


. 9583 


Liknestone (Portland) 


. 6550 


Stourbridge brick . 


. 1695 


Deal 5 ««««*««* 
^^ {leaeoned 


. . 6780 


..7290 . 


«^. (unaeasoned 
^^ I seasoned 


. 7730 


" . 93(y0 



Oak 



5 unseasoned 
( seasoned 
Mahogany 

Larch ■ i ""•«~»<^ 
/ seasoned 

n 1 ^ unseasoned 

Cast iron, goodeommon 

*" ;< StvUng's Umg^mid 145500 
Wrought iron . . • 560001 



lbs. per sq. inch. 
. 6480 
. 10000 
. 8198 
. 3200 
. 5568 
. 3100 
. 5100 
. 109800 



The effect of seasoning or dnring timber, in increasing its stren^h, 
is never to be lost. eight. of. In wrought iron, a strain of 28000 lbs. 
reduces the length, and causes a slight lateral bulging, corresponding 
to the slight reduction in length ; that is to say, for a compressive 
strain of about {ths of the aosolute crushing-strain, wrought iron is 
quite ^^cripplecL'' . 

Stirling s process of toughening cast iron, consists in adding to it 
proportions of malleable $crap^ varying according to the nature of 
the cast iron in its normal state. 

Scotch hot blast, No. 1, will take 28 to 80 lbs. of scrap per cent. 
" « « No. 2, " 20 " " ** 

Welsh and Staffordshire hot or cold blast iron require a less ad- 
dition of scrap. 

This process increases, the strength of all cast irons, from 50 to 80 
per cent. 

The strength of pieces, such as pillars, that break aeros$y but are 
not crushed under compression, may be calculated by the following 
formulas, as found by Mr. Hodgkinson's '^ Experimental Researches 
on the Strength of Pillars," published in the Phil. Trans., 1840, 
and in his edition of ^^Tredgold on Cast Iron," published 184&. 






For timber: b 

For CMt iron. Solid pillar, round ends b 

* 

« •* flat ends b 

Tim kKgfk I bekig nai Im thtm 20 ± 

Hollow pillars, round ends b ; 

not km than 16 d. 

Hollow pillars, flat ends b 

mt Im than 30 d. 



TkekmgAl 



M^,Si 

7)S,7S-«rfl,7 6 
» I ^ ■ ■ 

ns,if_rfi,ff 



Tkikngthl 



^,' 



Wroosht iron, round ends b ib 1.^ 

« « flat ends 6 a,"*'" 



Wkm tkt kmgtk iijrom 30 to 90 turn tkt diamder. 



r 
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The laws indicated by the formulas do not hold good for shorter 
columns. 



TABLE OF THE VALUES OF o, (D and d being in inches, I in feet, and 
the result b being the crushing-toeiffht in lbs. 

Oranite . . flat ends . . 25000? 

Sandstone 15000? 

Marble 24000? 

Dantsic oak 24542 

Red deal 17511 

Cast iron solid pillar, flat ends • • 98922 

" " « " round ends 4 • 88879 

Hollow pillars, flat ends . . 99318 

" " round ends . 29074 

Wrought iron flat ends • . 299617 

'' *^ round ends • 95844 

The numbers here given are co-efficients, and have no meaning, 
apart from the special position they occupy in the formulas. 

In all pillars of cast iron, whose length is thirty times the diameter 
or upwards, the strength of those with flat ends seems to be three 
time$ as great as the strength of those of the same dimensions with 
rounded ends : when { is less than 80 d, the ratio of the strength of 
pillars of the same dimensions with flat and with rounded ends, is 
very variable. 

When pillars are reduced in length below the proportion above 
indicated, there is a failing off of their strength, nearly in propor- 
tian to the redvuAion in the length of the pillar; and this obviously 
must be the case, as the strength to resist ,/Zexiire, under a compres- 
sive strain, increases as the fourth power of the diameter, whilst the 
resistance to erushing increases only as the square of the diameter. 

For pillars of less length than 15 times their diameter, there is a 
falling off in the resistance, on account of the change prodnoed in 
the position of the molecules of the material by the great weight 
necessary to break them: Mr. Hodgkinson has, however, given a 
formula which includes this case, and by which the strength of the 
pillars, however short, may be deduced from the results of the for- 
mulas for long columns, when the crushing strength of the material 

is known. The formula is y « in which b is the strength of 

o + fc 

the pillar, as calculated by the rules for long pillars, and e the crush- 

ine weight of the material, and y « the strength of the short pillar. 

in similar pillarSj the strength is nearly as the square (1,865 
power) of the diameter, or of any other lineal dimension; and as 
the area of the section is as the square of the diameter, the strength 
is nearly as the area of the transverse section. 

The strength of pillars not less than SO times their diameter: 
that of cast iron with rounded ends being set » 1000 
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Wrought iron . . . 


. is - 1745 


Cast steel 


- 2518 


Dantzic oak, square ends . 


- 108,8 


Red deal . . » > 


- 78,5 



In all long pillars, whose ends are firmly fixed, the power to resist 
breaking is equal to that of pillars of the same diameter and half 
the length, with the ends rounded or turned, so that the strain runs 
through the axis. 

B. ^xtefuian. — ^When a tensile strain pa8$e$ up the centre of a 
piece of stone, wood, or metal, the resistance is proportional to the 
transverse area of the piece* 



TABLE OF THE JLSSISTANCB OF MATERIALS TO RUPTURE BT 



TENSILE STRAIN 



Stone. Portland . 

Fine sandstone 
Brick 
Glass 

Hydraulic lime, best 
Good 

Mean quality . 
Common lime . 
Timber. Deal 
Beech 
Oak 

Mahogany 
Larch 
Poplar 
Cast iron (Hodgkinson) 
(Rennie) 
(Cubitt) 

Stirling's toughened 
Wrought iron bars . 

Wire (hard) 
Wire (annealed), half 
Plates 
Brass wire (hard) • 
Annealed 
Gun metal (hard) • 
Copper rolled 

" cast • 
Hopes. Hemp • 

Wire, (Newall and Co.) 






857 lbs. per sq. inch. 
216 

275 to 800 

8565 

168 

142 

100 

48 

12857 to 11549 

17850 

9198 to 12780 
16500 

9700 to 10220 
7200 
18505 to 17186 
19200 
27778? 
28000 

65520 to 56000 
128000 to 65860 
the strength of hard. 
52100 

98960 to 68000 
49000 
86368 
85000 
19200 

1 ton per lb. weight per 
fathom. 

2 tons per lb. weight per 
fathom. 



In reference to the above table, it may be stated that it contains 
numbers which are the mean values of the tensile strain^ as deduced 
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after a careful weeding of the experimental results that have hitherto 
been published. 

\^Thermotensian, or the Effect of Heat on the Tenaeittf of Iron.-^ 
The following table exhibits the effect of heat on the tenacity of iron, 
both while actually hot and also subsequent to the application of a 
strain at high temperature. The comparisons are made on thirty- 
two different specimens of iron, the origin of which is designated* in 
-the first column of the table. The temperature at which either the 
^'hot fracture" or the hot strain was made on each bar, and which 
produced the strengthening effect of ^Hhermotension," is contained 
in the second column. The third contains the number of trials 
made on each specimen of iron to ascertain its strength in its ordi- 
nary state and temperature, as it came from the hammer or the 
rolls, and before being put under strain at a high temperature. 
Column fourth shows the number of times the specimen was broken, 
or at least strained, at the temperature marked in column third* 
Column fifth gives the number of fractures made on the specimen to 
obtain the. average strength after being heated, strained, and then 
cooled again to ordinary temperature. Columns six, seven, and 
eight, contain the absolute strength given in the three different 
states respectively. Column nine exhibits the per centage increase 
of strength by treatment with thermotensipn^ and ten, the difierence 
in strength between the iron at ordinary temperature in its original 
state, and that which it possessed while heated as in column third. 
In three cases only does it appear that the strength had been dimi- 
nished by heating up to the point at which the trials were made. 
One of those trials was at 766^, one at 662^, and the third at 552^. 
The average temperature at which the effect was produced was 
573.7^, at which point the tenth column shows that the strength of 
thirty varieties of iron, was 5.9 per cent, greater than at orSnary 
temperatures, say at 60 or 80 degrees. 

It also appears that the average gain of tenacity in thirty-two 
samples of iron, by the .process above mentioned, was 17.85 per 
cent., ranging from 8.2 to 28.2 per cent. In a report by the Editor 
to the Bureau of construction, equipment, and repairs of the Navy 
Department of the United States, it is proved that the average gain 
of length of bolts of iron treated at the Washington Navy Yard, by 
this same process, was 5.75 per cent., and the gam of strength 16.64, 
making together the min of value 22.4 per cent. The addition of 
5.75 to 17.85, gives 23.6 per cent, for the total gain of value. In 
many instances the experiments proved the gain of length to exceed 
7 per cent. The total elongation of a bar of iron, broken in its 
original oold state, » from two to three times as great as die same 
force would produce upon it if applied at a temperature of 573^, 
which force will, moreover, not break the bar at that temperature. 
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TABLE EXHIBITIKG THE EFFECT OF HEAT ON THIRTY-TWO VARIETIES 

OF MALLEABLE IRON. 



JUMM Am oamiff or tub nmsmMX 
or moil TBXKo. 



Sa-Ubury (Ck»nn.), gnu bar 
Maramee (Mo ). bar iron. 
Pbillipsburjih (Pa ). wire 
Eilieoit's Baltimore boiler plate 

>• M U U 

Salisbury (Conn.)i gun bar 

*4 It U 

Swedish bar iron 
Nashville (Tens.), bar iron 
Salisbury (Conn ), gun bar 
Bllieon^ Baltimore forged bar 
Spang k, Sou,^ hammered plate 
Blake k, Co.,* hammered plate 
Salisbury (GoaB.)i gun bar 



u 



If 



u 
u 
l( 



English ** best- best" cable bolt 
Spang'* Pittsburgh hamn'd plate 
Nashville (Tenn.), bar iron 
Mason ft Mitteiibergerj* piled 
Nashvlite (Tf iin.), bar iron 
Bllieotrs Baltimore boiler iron 
Sehaeu banter's Piusbuigb boiler 
Maramec (Mo ), bar iron 
Nashville (Tsoo.), bar 
Russia sable bar 
Maramec (Mo.), bar 
Eliicott's hammered bar 
Salisbury (Coan.) gun bar 
Maramec (Mo ), bar 
Blake's Pittsburgh hammM plate 

Mean, 



a 

s 






» 






.5 >« <» 2 
bit ^ " 

Oft. 



0.5 

e 



5540 

598 
900 
770 



560 
590 
590 
540 
573 
a04 
7«6 
873 
580 
964 
57»l 
030 
560 
550 
560 
574 
Sdi 
558 
690 
964 
578 
584 
576 
3M 
575 
574 
oov 



573.7 



4 
7 
4 

3 
4 
3 
4 

9 
7 
5 
1 
3 

4 
4 
5 
4 
3 

7 
4 
4 
9 
I 
5 
6 
5 
6 
1 
3 
6 
6 






2 
1 



190 36 



:i 

. e 
o-s 



5 
3 
4 
5 
7 
7 

3 
6 

10 
1 
1 
4 
6 
8 
6 
6 

10 
3 
6 
3 
3 
3 
3 

5 
3 
4 
1 
6 
4 
4 



153 



'Z ^ 

las 

£«& 
•5s 

s « « 

> B B 

o o 



50,371 
53.775 
79,780 
56.644 
56.609 
50.654 
flOOQS 
98013 
544»4 
58305 
57.183 
57664 
60533 
55.977 
54,644 
56999 
57.433 
63.466 
56763 
02799 
55496 
58.194 
61,519 
53.803 
49.974 
59,406 
78.071 
43386 
53.176 
58873 
45.586 
83.937 



1 



H 

^1 



I 



« 

t 



60489 
54J973 
80.488 
56,644 
58.181 
60.393 
69.063 
59,775 
56451 
53.^05 
63,383 
54.819 
68,378 

60,315 
64378 
60,010 

55903 
88.534 
60.083 
89,633 
06,450 
56,150 
83.16B 
59.199 
77.161 
50067 
56.570 
60,088 
51,437 
58,984 







65 000 
50 044 
84187 
63.133 
64,890 
66,038 
67,384 
66.334 
69600 
63.556 
66.960 
66.500 
66,941 
65,883 
64 363 
68J»8 
67.560 
71,000 
09,736 
63,187 
66J330 
69«433 
73.896 
64,096 
58196 
69,951 
99470 
53.368 
60 767 
66,665 
58,859 
65,495 



Mean, 



a— S 9 

0*5 .a 



8.3 
9Jd 
10 4 
10.7 
109 
117 

ia5 

14J3 
145 
15.0 
15,3 
15.8 
10.3 
17X» 
17.6 
18.4 

18 7 
19.3 

19 4 
19 8 
195 
19.8 
901 
90.6 
906 
91.1 
315 
830 
958 
966 
981 
989 



17.85 



9.0 

0.9 

0.9 

0.0 

18 

1.1 

6.6 

30 

0.4 

1.0 
+10.7 
~ 4.9 
-- 3.8 
no not frac. 
+lOJSi 

- -10.0 
-- 4-5 

no hot frac. 

— 1.4 
+11.0 
"8.4 
--14 3 
-- 80 
--4.4 
-- 4.3 
--130 
-- 14 
--154 
--6.4 
+15.3 
•-13.8 
--101 



+ 6.0 



Fig. 82 represents the tenacity of wrought iron at Tarioiis tem- 
peratures from 0^ np to 1817^ as measured in parts of the total 
maximum tenacity, the line a b representing that maximum, and the 
line O^d (indefinite towards d) being the scale of observed tempera- 
tures, in degrees Fahrenheit marked below it. The vertical dotted 
lines, or ordinates of the curve, therefore, exhibit temperatures, and 
the corresponding horizontal ones, or abscissas, show diminutions from 
the maximum strength, at the temperature observed. Thus, at a 
temperature of 1080^, the diminution from maximum tenacity is 
.4478, and, consequently, the remaining strength is 55.22 per cent. 
At 1187^ the diminution is .6852, and the remaining stren^h 36.48 
per cent., and at 1245^ (a dull red heat in davlight) the diminution 
is .6715, and the remaining cohesion only 82.o5 per cent., &c. 

• Of Pittsburs^. 
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Fig. 82. 
Mazimam tenacity of iron. 



Obser^red diininations of tenacity. 






^ u 



I §§ g 131 
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For a more full exposition of the effect of heat on the tenacity of 
iron under direct tension, and for investigations of the relation 
between temperature and tenacity, reference may be had to the 
^'Report on the Strength of Materials for Steam Boilers/' page 
212—218. 

At page 75 of the same report, will be found the law of tenacity 
as affected by temperature for rolled copper. In that metal no in- 
crease of strength takes place from increase of temperature in any 
part of the scale; and the law eliminated from about 180 comparisons 
of different experiments on several specimens of copper, is, that the 
diminutions of strength by augmentations of temperature follow the 
prir.ciple of a parabola, of which the ordinates representing the ele* 
vation of the temperature above 82^, have to the abscissas repre- 
senting the diminutions of tenacity, a relation expressed by saying, 
that the third powers of the temperature are proportional to the second 
powers J of the diminution of strength which they produce. This law 
was ascertained in the following manner : Putting t i* any observed 
temperature above 82^ ; (f ^ any other observed temperature above 
the same point ; d « the diminution of tenacity by the former tem- 
perature and (2's that by the latter: also making x » that power of 
the temperature according to which the diminution of tenacity takes 

place; we have, by the supposition t* : t'' : : d\ d', or— =« --. 

From this we derive the expression Xx^ ^ — ,-Zl JL^. 

log. V — log. t 

Bxampk. At a temperature of 1016^ the tenacity of a bar of copper was found to have 
been diminished 66.91 per cent below its strength at 32^; at the temperature of 492^ 
it was 21.33 per cent, below what it was at 32^; according to what power of the tem- 
perature did the tenacity vary? 

Herexsr toy. .6691 —fcg. .2133 ^ ^^ ^^^ ^ ,,, . ^,,, , , ^ , ^ ^^ 

toffr- ( 1016 — 32) — kg, (492 — 32) 
t« : t'* : : d" : </■. 

Transibrming this into an equation, we get /— ] ^ ( — ) * ^^^— ^ ( ]^ ^^ ^ 

as i/ ( — j >. From this f (kg* ff — hgA^-^f-hs^d^shg.i'^ by which, knowing the dimi- 
nution d at any one temperature <, we are enabled to calculate what it will be at the 
temperature if^ 

In reference to cast iron, the first or lower numbers (p. 70) are the 
results of Mr. Hodgkinson's experiments ; the higher number is the 
result of numerous experiments made for Mr. Thomas Cubitt by Mr. 
Dines.* This difference is chiefly of importance in respect of there 
being a discrepancy so wide, between results stated by two careful 
experimenters. In reference to the experiments on Mr. Merries 
Stirling's toughened iron, they were made by the same direct means 
as were all Mr. Hodgkinson's experiments. The tensile strain of cast 
iron is seldom brought directly into action; and the part it plays in the 
resistance to cross strains is evidently not that for which the direct 
strength shown by Mr. Cubitt's experiments can be attributed to it. 

* &e Mr. Henry Law's edition of Gregorys ''Mathematics for Practical Men," p. 375. 



76 



THB TENSILE STRAIN. 



The elongation of wrought iron, under a given tensile strain, may 
be judged of from the following experiment.* 



Load per square indi in prododng an elongation of 


Load per 

square iucb, 

producing 

fracture. 


Total elonga- 
tion divided 
by original 
length. 


ihv 


liiff 


Th 


Jz 


lbs. 
84700 


lbs. 
40980 


lbs. 
46124 


lbs. 
52122 


lbs. 
56884 


lbs. 
.086 



According to Vicat, the elongation of iron wire for a load of 1428 
lbs. per square inch, or ^ the breaking strain, amounts to 0,000057. 

Mr. E. Hodgkinson's experiments have proved, in like manner, 
that no material is so elastic as to recover itself perfectly from even 
very small loads allowed to act for a considerable time, and the de- 
fect of elasticity is nearly as the square of the weight applied. 

The modulus or co-efficient of elasticity, is a term first suggested 

by Dr. Thomas Young, to denote the measure of the elastic reaction, 

or the energy of the resistance of any substance, and is represented 

p 
thus : E Bs -— -;-. 
At 

Where E is the co-efficient of elasticity, P the weight in pounds, 
producing the proportional elongation t / a —where Za the elonga- 
tion, and L the original length) in a bar with a base of sectional 
area A. 

Rigidity is expressed by the ratio -y-. 

Thus, the elastic resistance of a prism of any material, is really 
only the rigidity referred to the unit of length of the prism. 

[* In the report of the Committee of the Franklin Institute, on the materials for steam 
boilers, p. 219-20, will be found very numerous observations on the elasticity of iron, of 
which the following may be cited as the results of direct measurement 



Bar 49 Boiler 


Recoil, when relieved from strain, 
in parts of original length. 


Breaking weight 

in lbs. per square 

inch. 

67.565 


Total elongation 
after frau tare. 


plate from Juni- 
ata blooms. 


5t.0d0 lbs. 
per square inch. 


54.b60 lbs. 
per square inch. 


6.9 per cent 


Bar 226. 


43.SU0 lbs. 
per square inch. 




49.053 


6.95 per cent 


Bar 228. 


34.804 lbs. 
per square inch. 




40.643 


* 


Bar 230. 


47.155 lbs. 
per square inch. 




49.368 





Ah. Ed.] 
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TABLE OF DATA CONNECTED WITH THE ELASTIC RESISTANCE OF 

MATERIALS. 



Name of material. 



Oak 

Yellow pine 

Red pine 

Larch 

Beech 

Bar iron, ordinary quality 
** ** Swedish hammered ( „|^^#-j 
« « English rolled < Beiectea . 

Wire, Na 9, unannealed 

** ** annealed .... 
Steel plates, tempered blue . . • 
Steel wire of commerce . . . . 
Cast iron 





■3&-t>. 


n in 
that 
re. 


c 


Tensile strain 
square inch 
limit of elastj 


Proportion 
elongation 
strain of lii 

of elastic-it 


Ratio of strai 
column 1 to 
causing mptui 


Modulus 
elasticity. 








lbs. 


2856 


0.00167 


0.23 


1,713600 


3332 


000117 


0.33 


1,856400 


4408 


0.00210 


0.44 


2,142000 


2470 


0.00192 


0.30 


1,285200 


3355 


0.00242 


0.30 


1,385160 


17,600 


000062 


30 


28,4(XXM^ 


24,400 


0.00093 


0.44 


29,365000 


18,850 


0.00072 


0.37 


29,465000 


47,532 


0.00165 


0.49 


28,825000 


36,300 


0.00129 


0.58 


28,081000 


93,720 


0.00222 


0.67 


42,600000 


35,700 


0.00120 


0.50 


29,500000 

17,000000 

to 














13,000000 



NoTK. — ^By ** Limit of Elasticity," is meant the limits within which displacement of 
the parts of materials under strain may be called into play without permamnt paipaitU 
ikrangement, or aipphng. 

C. Detnmon is the resistance that the coherence of the particles 
of materials opposes to their sliding on each other, under a detrasive 
strain. 

The resistance to detrusion, or the '^ force necessary to %hear 
across" any material, is called into play at the joints, and in the 
bolts of framings of timber and iron, and the rivets of steam 
boilers, &c. 

The resistance of deal to detrusion in the direction of fibre is 592 
lbs. per square inch« 

The resistance of cast iron to detrusion is about 73000 lbs. per 
square inch, as deduced from experiments on crushing. 

The resistance of wrought iron to detrusion, or to a force ^^ shear- 
ing it across" is 45000 to 50000 lbs. per square inch, or from 70 to 
80 per cent, of the resistance to a direct tensile strain. 

JD. Deflexion. — When a beam is deflected by a cross strain, the 
side of the beam which is bounded by the concave surface is cam- 
pressed^ and that bounded by the convex surface is extended. The 
surface at which extension terminates and compression begins, is 
termed the neutral surface. 

The property of elasticity ^ inherent in all substances in a greater 
or less degree, causes them to resume their original form, very 
nearlv, when, under forces of compression, extension, or deflexion, 
they have undergone a limited change of form. Up to this limit, 
the amounts of extension and compression for a given cross strain 

7* 
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are nearly equal, and, therefore, the neatral surface lies very nearly, 
if not accurately, in the centre of gravity of the cross section of the 
beam. 

Beyond this limit the position of the neutral surface changes, as 
the flexure increases ; because, in stone and cast iron at least, the 
resistance to compression is greater than the resistance to extension, 
whilst the amount of deformation, under the compressive strain, is 
less than under an equal tensile strain. In wrought iron, as it pos- 
sesses great dtictility^ this limit occurs much later than in cast iron. 
In timber, the resistance to extension is greater than that to com- 
pression, and its want of homogeneity renders the limit alluded to 
very variable. 

The general law of deflexion is, that it increases, cssterisparibtis, 
directly as the cube of the length of the piece, and inversely as the 
breadth and cube of the depth.* 

JE. Fracture. — The theory of deflexion, which gives the displace- 
ments of the parts of beams before the conditions even of cripplinffy 
has few practical applications ; while equations for the resistance to 
fracture, which is what is essential in practice to be known, are more 
sixnply established. 

The hypothesis for the theory of resistance of materials to fracture 
or rupture, propounded by Galileo, consists in placing the horizontal 
axis of equUibrium at the lowest point of the section of rupture, or 
in supposing the material incompressible; and he considered the 
internal force developed at each point of the section as constant for 
every point* 

The hypothesis commonly attributed to Mariotte and Leibnitz, 
consists in like manner in placing the horizontal axis of equilibrium 
at the lowest point of the section, and in supposing the internal force 
developed at each point proportional to the distance of that point 
from the axis of equilibrium. 

The hypothesis now generally adopted, consists in admitting that 
the resistance of each point, at the instant rupture is going to take 
place, continues proportional to the extension and compression^ and, 
therefore, that tke axis of equilibrium^ or neutral suffaccj has the 
same position as in the case of a very small deflexion. 

Experiments have proved that none of these hypotheses is true, 
and, that, according to the physical constitution of the material, the 
formula deduced from the one or the other may be taken as repre- 
senting experiments. Experiments on cast iron are best represented 
by the deduction from Galileo's hypothesis; those on stone, by 
Mariotte's, and those on timber and wrought iron, by the modern 
hypothesis, aniiounced by Hooke, and first developed by Dr. T. 
Young. 

The formula commonly employed for reducing experiments, or 
for calculating dimensions by aid of experiments, on beams of uni- 

* For the most complete development of this subject, the student is referred to Mr. 
Moseley's work, "Engineering and Architecture," Part V. 



ON FRACTURE. 



79 



form rectangular section, fixed at cue end and loaded at the other, 

18 WtBT^ 



nl 



n»2 
n<=3 
n » 6 
71 » 2.63 

7I» 8 

n»6? 



On Galileo's hypothesis .... 
On Leihnitz and Mariotte's 
On Young's hypothesis .... 
The mean of experiments gives for cast iron 

" " stone . 

" ^ " wrought iron and wood 

To answer the imperfection of the theory, however, /* is substi- 
tuted for /; or for the resistance to a direct tensile or compressive 
strain there is substituted a co-efficient of the composite resistance 
to fracture, under a cross strain. 

The most convenient general formula in use for calculating the 

Where IF a the breaking weight, /» the moment of inertia of 
the cross section of the beam, round an axis passing through its 
centre of ^avity, c^ the distance of the neutral surface, from the side 
at which the material gives way ; and I the length. The beam is 
supposed fixed in the circumstances above mentioned. 

For a beam supported at each end, and loaded in the mjddle, 

thb becomes TTs -^ — , and for beams of triangular section: 



resistance to fracture under a cross strain is W 



W 



I 



For a beam supported at each end, if the load be uniformly dis- 
tributed over it, we have W as -^ — , and for beams of rectangular 

section, TT-x^/i— p. 

If the weight of the beam G be taken into account, the above for- 

2 f * 7" 8 f * I 

mube become respectively W+ i (? -■ -f — , and W + Q- »-f — . 

For the forms of transverse section commonly met with in prac- 
tice, the values of / in terms of the breadth i, and depth </, of the 
beam, are as follows: 



1. Reetaogutaur seotioiL 

2. Circular section. 

3. t shaped and hollow rect- 
angnlar, 6, and d|, being the 
breadth and depth of hollow. 

4. Hollow cylinderi or annu- 
lar section, rjaa radius of hol- 
low. 

6. Inverted X (Mr. Hodgkin- 
son's ibr oast iron). When J, 
J^ ji^ are the areoii and <^ <^ a, 
the liqiiht of the top flange, the 
bottom flange and the uniting 
rib reepectiyely. 



+ * (rf.-rf3)^,-(rf«+rfl)^«• 



Cj as } (f. 



r. 



c, depending 
on the form 
of the beam. 



80 



MODULUS OF BUPTUEB. 



The following table contains values of /*, or modulus of rupture^ 
being deductions from experiment by the formula f^ ess , all 

dimensions, that is, 2, bj and d^ being in inches. 



Name of material. 






Stone (Rochdale) . 
Yorkshire flag 
Caithness slate 
Beech . 
Birch . • 
Deal (Ghristiania) 

^^ Memel • 
Fir 

Larch . 
Oak, English 
" Dantzic 
Cast iron 

*' Hot blast mean 
^^ Cold blast mean 
^^ Stirling's toughened 
Wrought iron 



Modaluf of rupture, 
lbs. 

. 2858 

. 1116 

. 5142 

. 9886 

. 9624 

• 9864 
. 10886 

• 6700 
. 6894 
. 10000 
. 8742 

80000 to 46900 
. 86900 
. 89987 
. 46750 
. 54000 



Working load, 
lbs. 

285 

112 

514 
1550 
1600 
1640 
1700 
1100 
1150 
1700 
1500 
5000 to 8000 
6000 
6500 
7800 
9000 



The following table, drawn up by Mr. Hodgkinson, gives the re- 
lation between the resistances to crushing , rupture by tension^ and 
by cross strain. 



Material. 



Timber . 
Cast iron 
Stone . 
Glass . 



Assumed resistance 

to crushing per 

square inch. 



1000 or 1 
1000 or 1 
1000 or 1 
1000 or 1 



Mean resistance to 

rupture by extension 

per square inch. 



Mean transverse 

strength of a bar, 1 

indi square and 1 foot 

long. 



1900 or 1.9 
158 or 0.16 
100 or 0.1 
128 or 0.125 



85.1 or 0.045 

19.8 or 0.02 

9.8 or 0.01 

10. or 0.01 



From this table we get an idea of the extent to which the mutual 
dependency of the fibres or particles of the material comes into play 
when the pieces are bent. 

This table indicates, too, that the resistance of the same area of 
cross section must vary according to the disposition of the material 
compressed and extended in the section. Mr. Hodgkinson has 
proved, in reference to this, that for cast iron, one mode of dispos- 
ing the iron in the section gives a greater strength per square inch 
of the section than another, in the ratio of 40 to 2o, and the prin- 
ciple holds in other materials. 

For the inverted ^-shaped girder, the strongest form is that in 
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which the bottom flange is six times the area of the top flange. 
When, in these girders, the lengthy depths and top flange are con- 
stant, and the thickness of the vertical rib between the flanges small 
and constant, the strength is nearly in proportion to the area of the 
bottom fixmge. Again, in beams of this form which vary only in 
depth, the strength is nearly as the depth. 

Mr. Hodgkinson has hence dedaced the following simple rule for 
calculating the strength of cast iron beams approaching the form of 

greatest strength^ viz: Fr= -^ — in which FTaB the breaking 

weight in tons ; a » the area of bottom flange at centre of length in 

square inches, d » the depth of the beam in inches, and / its length 

in feet. 

As it is very usual to express the load a girder or beam has to 

bear, in terms of its length, or FFs to ti7 /, (as, for example, the 

girders of railway bridges have to be of dimensions to bear a strain 

of 2 tons per foot of their length,) Mr. Hodgkinson's formula may 

be converted into the following very simple one for calculating the 

w P • 
area of the bottom flange, viz : a s in which w is the weight 

2,116 d 
per foot of the girder, of the load upon it. Further, as (f is generally 

a simple fraction of Z » a; ?, we may make the formula a s^ -->-- — . 
^ . 25,992 

For example, it is a usual and generally eonvenient proportion 

to make d » ^\ /, and hence, for railway girders, in which n? » 2, 

a SB "^ , which we may put a b —^ — • Engineers now make 
1^.99 lo 

girders of proportions such as to bear 6 times the greatest load 

likely to come upon them. Hence, as there are generally 4 girders 

to take the load in a railway bridge, our formula may be written 

a SB "^ for the area of the bottom flange (at its centre) of each 

girder. 

Open cast iron girders are bad in principle. Of all systems of 
framing girders or beams, the principle of perfect continuity of the 
component parts, involved in Mr. Fairbairn's patent malleable iron 
girdersj is the best. 

Without entering further into an examination of this subject, it 
appears that the present is a fitting place to give a concise account 
of the so-called "tubular bridges," now being erected by Mr. 
Robert Stephenson for crossing the Conway, and the Menai straits 
on the line of the Chester and Holyhead railway. The problem of 

Sassing both these points with the " Holyhead road," was solved by 
'elford in 1825, by the erection of the well known Conway and 
Menai suspension-bridges. Suspension-bridges have been rejected 
as inapplioable to railways, and Mr. Stephenson has proposed, nay, 
has already completely settled the practicability of carrving out the 
girder system to meet the case. A girder to span 4o2 feet is an 
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original and bold conception ; and now that it may be said to have 
been exeetUedj an attempt, if only imperfect, to sketch the process 
of engineering art in the direction that has led to this master-piece, 
cannot bnt be useful. 

The circnmstances demanding or necessitating the erection of a 
bridge of great span, occur bnt seldom, and the double condition of 
erjecting the bridge without centering, still more rarely. 

The deep and rapid rivers of Switzerland, seem first to have called 
forth constructiTc skill for this purpose. In the year 1757, Jean 
Ulrich Gmbenmann, bom at Taffen, in the canton Appenzell, erected 
the celebrated bridge at Schaffhausen, over the Rhine, in lieu of a 
stone bridee that had been swept away by the stream. In design- 
ing his bndffe, Gmbenmann took advantage of a rock about mid- 
way across, for the erection of a pier to support the ends of two 
frames or compound girders of earpentryj the one of 170 feet, the 
other 193 feet clear-bearing, or span. 

In 1778, Gmbenmann and his brother constmcted the Wettinsen 
bridge over the Limmat, on the same principle that had guided 
them so successfully to the erection of that at Schafi'hausen. This 
bridge had a clear span of 890 feet.'*' 

To Chretien von Michel, an engraver at Bale, we are indebted 
for the preservation of a record of the details of constmction of these 
two bridges, viz. : ^^Plans, coupes et ^evations des trois Fonts de 
Bois les plus remarquables de la Suisse, publics d'aprds les dessins 
ori^naux, Basle, 1808." 

Both these bridges were burnt by the French in 1799, the one 
having stood 42 years, the other 21 years. Over the one, stones 
weighing 25 tons each had passed ; and over the other a division of 
the French army with its artOlery, in extreme haste. ('^ Emy, Traits 
de la Gharpente.") The points of constmction in Wittingen bridge, 
to which we would direct especial attention, are : — 

1. The eonttnuUy of the framing, especially in its vertical plane, 
as perfect as the nature of the materials allow. 

2. The introduction of a roqf as an integral part of the eomtruet'^ 
we strength of the bridge, and of the disposition of the ^eater mass 
of the timber towards the top and bottom, while the intermediate 
more slender part, or ribj is stiffened at every 15 feet by strongly 
framed uprights on the outside and inside. The timbers are laid 
nearlj horizontally, accurately bedded on, and indented into each 
other, and bolted together by numerous wrought iron through-bolts. 

8. The circumstance that the two side frames of each were raised 
ready framed into their positions. This latter is an inference from 
the fact, that powerful screw-jacks placed on a scaffolding, supported 

* [The single arch wooden bridge, built bjr Lewis Wernwag, over the river Schuylkill, 
at Fairmount, Philadelphia, had a span of 340 feet 4 inches, and a rise of tlie arch in 
the centre of nearly 19 feet or above jiyth of the chord line. This bridge had a triple 
beam aich of timber surroounled by king*posts and truss braces, with longitudinal tiee 
aboTe, the whole being strengthened by screw-bolts. See a figure of it in Kees* Cyckx, 
Aiiier. Edition, vol 34. — Ax. Ed.J 
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n piles (" deB verin» places sor dee €chsfaudsge8 ^blis Bar pilotet"), 
were used ib rsising the 
f1«. 84. bridge at S«haffhanBeii, and 

that the Limmat, near the 
convent of Wettiogen, ib of 
great depth. 

Fig. 84 is ft section of the 
bridge of Wettingen at the 
ends, and Fig. 85 a section 
at the centre. Tfaey saffi- 
oiently illustrate what ve 
have said above in reference 
to the principleof continuity, 
and the dispoeition of tbfi 
roof and timber of the fHmes 
generally, in referenoe to 
the strength of the bridge. 

At the period when the 
Wettingen bridge was erect- 
ed by the Apensell carpen- 
ter, the science of the 
strength of materials had 
scarcely begun to be formed. 
Galileo's tiieory, partially 
corrected by the hypothesis 
of Hooke and Leibniti, and 
by the experiments of Ma- 
notte and Bnffbn, began to 
*■ attract notice ; brt onr pre- 

sent knowledge of the me- 
chanism of Hie transverse 
strain, resnlting from the 
later experiments of Dnba- 
mel, Rondelet and Barlow, 
and the theories founded 
upon them were snderelop- 
ed. Yet we find the essen- 
tial elementsof these theories 
fully reoogniaed in tke con- 
struction of the bridges erect- 
ed by the brothers Gmben- 
mann. Art is the mother 
of Science. 

This was the largest bridge 
ever erected on Gruben- 
mann's principle ; but, in 
1772, there was exhibited, 
at the Hotel d'Espagne, me 
Dauphine, a model of a 
bridge designed by one M. 
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Claos, for Lwd Herrey. Tbia wm the model of a bridge 900 feet 
span, to be thrown across the 
I>eTrr. The model was 20 K"-"- 

feet umg, or ^ of ^e full 
sue. The entrraTinga were 
executed b; Lerouge, and 
Fig. 86 is taken from the 
plate. It is a transrerse sec- 
tion of the bridge at about 
^ of t^ span from the abot- 
ment or pier. The soale 
l>fiii>g about fij. 

QnibenmanD's principle is 
adopted. The frames are 
here again nearly oontinnoos. 
They consist of beams laid 
nearly horizontal^ indented 
into eaah other, bolted to- 
gether by innumerable long 
wrou^t iron bolts, fcnming 
the aule riba, aid ^ese vere 

etifened laterally by uprights. The floor and roof are so- framed 
irith the tmeses or ribs, as to form one great double box, or hollow 
{nrdw, nearly every pound in tfae weight of which is available towards 
uw abmlate strength of the whole. 

This bridge was never executed ; but we see in it a still more per- 
feet adt^idon of the plan of making the floor and roof a part of the 
frawng, and also a reoogaition of the fact that wood has double the 
rewstaoce to extension, that it has to compression ; and, hence, the 
timbers of the upper part are arranged conformably to this fact. 
This was clearly recognized by G-rnbenmann, but not so perfectly 
worked out in toe eonstruction of his bridges, as was done by Clans. 
The introdaotien of a rot^, as an integral part of the structure, is, 
of oooree, limited to cases in which the span is such as necessitates 
» dMtk of girder of 16 to 18 feet at least. The proportion of the 
iefik to the length of the bridae of Wettingen is nearly ^. (For 
farther detuh of the construction of the model, tee " Emy, TraitS 
d€ la CharpenU, Vol. II. p. S98, and plate 134.) 

In Qreet Britain, the problem. of erecting bridges of wide span had 
seanaly ever been mooted till about the beginning of this century, 
whea the joint influence of the inventions of her Dudleys, Brindleys, 
Hacgreavee, Arkwrights, Smeatons, Watte, Carte, Wyatts, Mylnes, 
Bennies, Telfords, so rapidly developed the long latent industrial 
grauoB of the ooontry, that in the short space of half a century, from 
heisg as low as any, she became the first in the scale of nations for 
petmition in internal ooaimunication, manufacturing skill, and in 
prodnotiveneas of the osefal metals, especially iron. 

In the year 1800, the subject of replacing Old London Bridge, 
vOh. u. — 8 
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oocnpied the attention of nearly every engineer of eminence, and of 
many men of acknowledged scientific attainments* At this pariod, 
the success of the Wearmouth Bridge, designed by Mr. Wilson, in 
1798, and erected in 1796, by Rowland Bar£m, and of that of JSml- 
wash, erected by Telford, 1796, seems to have drawn the attention 
of the most distinguished engineers to this material, as that best 
facilitating the execution of bridges of great span. The wcmderfol 
progress of the iron trade at this period, also, had its influenoe. The 
question of rebuilding London !Bridge was shelved at this period ; 
but Messrs. Telford and Douelas gave in designs for spanning the 
Thames by a single arch of 600 feet span, and the practicability of 
the design was supported by the opinions of Playfair, Bobison, Watt, 
Southern, and others. In 1808—12, Staines Bridge was erected 
by Mr. Wilson, that of Boston by Mr. Bonnie, and that at Bristol 
by Mr. Jessop. Yauzhall Bridge was commenced, 1818, by Bennie, 
finished 1818, by Mr. Walker. The magnificent Southwark Bridge 
was erected 1814 to 1818, by Messrs. Bennie, father and son* 

The principle of construction adopted in all these, was that of the 
arch. The east iron was framed so as to render the structure as 
strictly analogous to that of an arch of youssoirs as possible. We 
shall here only notice that the adoption of this principle inyolves a 
prodigious expenditure of oast iron, to insure the lateral stability, 
essential in the voussoir nrinciple, beyond what is necessary for the 
vertical strength requirea to bear the loiad. 

The use of oast iron as the framing of machinery, floor-girders, 
lock-gates, swivel-bridges, ftc. &c., became more and more usaal in 
the construction of works executed after 1808, at which period 
Brunei, by demonstrating the practicability by using cast iron as 
the framing of his block-machinery, gave new confidenoe in adopt- 
ing the recoinmendation of Smeaton, on this subject, made 50 years 
earlier. 

In 1817, Barlow's Essay on the ^^ Strength of Timber, Iras, and 
other materials," was published, and English engineers were thus 
put far on the wi^ of making ^'principles of science rules of their 
art." A few years afterwarc^, Tredgold's Essay ^^ On the^stera^gth 
of cast Iron and other Metals," was published ; and this remarkwle 
work of a most remarkable man, together with Barlow's work, had — 
all engineers will admit — a powerful influence in extendiiu; the ra- 
tional use of iron in construction. Ten years later, S£r. Eaton 
Hodgkinson, of Manchester, began a course of inquiry on the 
strength of iron, which, while it has earned for him and his coad- 
jutor, Mr. Fairbairn, a high reputation fqr scientific knowledge and 
skill, has, even more directly than the earlier works mentioned, con- 
tributed to the present important position of iron as a material in 
construction. 

During this period, too, the dependence of England on Bussia and 
Sweden, for malleable iron, was put an end to, by the improvements 
and vast extension of the Welsh and Staflbrdshire rollin|^miUs, 
which, towards 1810, began to stock the markets with iron, equal 
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for ftll ordinary purposes to that irhich, up to this period, hiid been 
ohi^y supplied by foreigners. 

. It is a difitingnishing element in the. engineer's art, to adopt the 
material best suited, economically speaking, to the Work he has to 
aceomplieh. 

In 1806, the priee of bar iron, larger size, was i620 per ton ; in 
1816, it was <£10 per ton ; in 1828, it was X8 per ton ; and in 1881, 
H was £5 to £6 per ton. 

Thna this material has gradually come into the domain of applica- 
tions in construction, from which its high price had long excluded 
the oonrideration of its qualifications. Roofs of great span began 
to be formed of combinations of cast and malleable iron. The eugi- 
bility of the one to resist strains of compression, and of the other to 
resist tensile strains^ became familiar to those engaged in practical 
cons^nction. 

In 1826, a new engineering era had arisen. As the genius of 
Brindley, under the mighty influence of the policy of a Chatham, 
had created the inland navigation of England, the genius of a Ste- 
phenson, under the influence of the policy of a Huskisson, created 
the railway system. Steam navi^^tion adyanced from mere essays 
to a system cdP vast importance. The demands of the ship builder, 
the locomotiye maker, the railway engineer, gave rise to new exertions 
of the iron masters. Blooms were puddled, of siees hiiherto deemed 
impracticable. It became usual to haye bars rolled, and pieces forged 
«f sues exe^eedine those which, within a few years, had been deemed 
wonderful or is<dated examples. In this respect, the complacent 
dietm of a celebrated engineer, that ^'no difficulty can arise in 
engineering or mechanical art, that is not certain to be oyercome," 
has been fdly borne out 

In the oonstmction of the London and Birmingham Railway, the 
Great Western Railway, the Midland Counties Railway, and others, 
the cMigbieers made ample use of cast iron, and examples of girders 
of 50, 66, eyen 70 feet in length are to be found on these lines of 
ndllray. The scientific principles of construction of such girders 
were not at once recognised or learned, and we consequently find 
excess of iron in most instances, and mistaken construction in others. 
Thei^ wms no time for gathering exact knowledge, though extant. 
A limited experience of successful cases led to endless repetitions of 
girders of not yery happy proportions, and ^^ trussed" in the wrong 
direetiott. The outcry made in England on the subject of hot blast 
iron being so inferior in quality, so treacherous, &c« &c., the conse- 
^oent high price demanded for castings of what was termed good 
iron^ had considerable influence in limiting the applications of iron 
in railway bridges. Stone and brick were preferred for the few 
bridges of great span erected. Suspension bridges were tried and 
fatled; Of the wooden bridges erected, that oyer the Tyne at Scots- 
wood, by Mr. Blackmore, deseryes mention as inyolving the best 
priB ti | ii < M i of construction. The path so well opened up by Gruben- 
mann had long been lost. The system of the Bayarian engineer, 
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Wiebecking, and applied by him Buecessfyilly to the bridge at Bam- 
bery, 215 feet span, and others, were eztensirely made known by 
his published writings, whilst the better principle of Gmbenmann 
was overlooked. The essential part of Wiebecking's system consists' 
in putting the main strenffth of the frame in arches of cnrTed timbers 
trenailed together, on to which the rest of the timbers of each truss 
is framed, suspending the horizontal ties^ from which the road-way 
is supported. Wiebecking's system, with certain modifications, was 
adopted in France by M. Emmery, about 1880, and by the Mesnrs. 
Green, of Newcastle, about 1840. In imitation of Wiebecking's plan, 
too, the bow and string fashion of open cast iron girders was adopt- 
ed, small as is the analogy between wood and iron. Beginning with 
the bridge over the Regent's Oanal at Camden Town, this fashion 
of girder has been many times repeated, on various scales; and is in 
execution even at the present moment, for spans of 120 feet, in the 
high level bridge at Newcastle-upon-Tyne. 

In the mean time, in America, Town's lattice frame bridges, and 
Long's diagonal frame bridges, had been invented, and railway 
bridges of 150 to 180 feet clean span, had been executed accord- 
ing to each system. In the largest application of Long's system, 
the depth of the frame is about 20 feet, and the sides and floor, and 
roof are connected together, so as to form one hoxAike girder* The 
diagonal framing, even when carried out in the form of lattice work, 
makes but an imperfect continuity in the framing, or ribs connecting 
together the top and bottom rails or flanges ; but this is theprinc^e 
aimed at, and the bridges are to be considered as very successful 
engineering. They have been adopted in England, in a few cases, 
the largest being that of an occupation bridge on the Birmingham 
and Gloucester railway ; but wooden structures are avoided in that 
country, on account of the extreme variations in the hygrometric 
state of the atmosphere. 

Of the many lattice bridges erected in America, the mostiatefest- 
ing in reference to our subject, is the iron tubular lattice bridge in 
the great hotel, Tremont House, at Boston. This is an t^Kptioal 
tube of latHee or trellis worhy die height being 7 to 8 feet, the minor 
axis of the ellipse being 4'—&'j the span ali^ut 120 feet. Hie top 
is stiffened by a longitudinal bar. The flooring of wood on the bot- 
tom, is about three feet 6 inches wide, and helps to stiffen the whole. 
This foot bridge had been several years in use in 1848, and its per^ 
feet rigidity, it may be here mentioned, at once suggested the appli- 
cability of the plan for carrying a raOway across the Menai straits. 

Among the circumstances concurring to the result consummated 
hj Mr. Stephenson, the success of iron ships of enormous dfanen- 
sions, in resisting the strain they have to undergo, is certaiahr a 
prominent one. The Great Britain steam^skip^ for exam|^, is a68 
feet in length. It is mainly composed of sheet and angle iron, of 
less than half an inch in thickness; it is thus, Iflce dther iron ships, 
a mere shell ; and^yet from its perfect continuity y and the nature of 
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the naterials, has, nmmpaired, withstood lateral fitrains under which 
a yewel, on almost any other construction, must have broken up. 

Such was the state of preparation of engineers' minds for solving 
Ae problem of carrying a railway across the Menai straits by girders, 
when, early in 1845, Mr. Stephenson's ^'aerial tunnel" was spoken 
qL On the 5th of May, 1845, he announced his plan before a conr 
mittee of the House of Commons. 

Few inventors can explain the development in their minds of an 
original conception. Invention in art consists of two distinct intel- 
lectual efforts — ^first, in seising the ideal conception of the object to 
be made for a given end ; and second, in the contrivance of the suit- 
able anrangement of materials (or of mechanism, in the case of a 
maohine) for that object. The nature of the first conception seems 
always to depend on the existing state of analogous objects, and, 
hence, the two parts of the process are generally intimately con- 
nected, though not inseparable. In Mr. Stephenson's case, the two 
processes seem to have been separated. For as early as April, 1845, 
Mr. Eaton Hodgkinson and Mr. Fairbaim seem to have been cou- 
nted as to experiments on the strength of cylindrical tubes of 
riveted sheets of iron^ and as to the necessity of a combination of 
the girder plan with suspension chains, for his great bridges. We 
learn from a communication of Mr. Hodgkinson's to the Mechanical 
Section of the meeting of the British Association, held at Southamp^ 
ton, in 1846, ^^ that a number of experiments were made upon eylin" 
drieal and elliptical tubes, and a few upon rectangular ones ;" but, 
inasmuch as a girder has to resist in its vertical direction much more 
than in its horizontal, the oblong, r^tangular form should have 
immediately suggested itself as the best ; and, therefore, these first 
experiments were works of supererogation. 

Mr. Hodgkinson's experiments were, therefore, at once directed to 
ascertaining what should be the distribution of the metal in hollow 
rectangular girders^ to secure a maximum of strength with a minimum 
of weight. Mr. Hodgkinson, whose investigations, published in 1840, 
had proved experimentally that hollow columns have a greater re- 
sistance to compression tluin the pame weight of material in a solid 
eokuvii (as the usual theory had indicated, and the practice of 
Wiebecking and Gauthey thirty years earlier, and of Polonceau, in 
18S9^ had testified), now made further experiments to ascertain the 
relatiye resistance of circular and rectangular tubes, with the object 
of disposing of the malleable iron, of which the girders were to be 
made in this hollow form, on the upper side, i. «., the part can^ 
pr€9md by the strain. 

As might have been anticipated, the ^^ buckling*' of the plates on 
the top had to be prevented by particular contrivances, or by greatly 
increasing their substance beyond that of the bottom or extended 
ttda. 

The following are some of the leading results of Mr. Hodgkinson's 
expermaents. 

Experiments on two similar tubes. 
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Length 

of 
tube. 


Weight 

of 
tube. 


Distance 
between 
supports. 


Depth 

of 
tube. 


Breadth 

of 

tube, 


Thickness of 

metal in lOths 

of an inob. 


Breaking 

weight in 

tons. 


Ultimate 

deflexion. 


31'— 6^ 


cwt. qu. 
20—3 




feet 
2 


1'— 4" 


Top Bottom 8ide 
6 4 2 


26,1 


Inches 
2J 


47—0 


61—1 


45 


3 


2'— 


6 3 


69,6 


3i 



This breaking weight in tons is in txeem of the results dedwed 
from the usual formma, when the ▼alue of I (the moment of inertia^, 
is calculated by our formula 5 (page 79), when p is taken ^^ 56006. 
To ascertain the power of such tubes to resist a lateral strain*— as 
from the action of wind — ^the smaller of these two tubes, aft«* being 
well repaired, was laid on its side and broken. The mean of two 
experiments gave 15,2 tons as breaking weight, which is about 25 
per cent, abore the result of calculation by our formulas, when the 
value oi f^ is taken as indicated. Bzperiments on the strength of 
sheet iron, however, give the tensile resistance as high as ^000 
lbs. per square inch, and if we introduce this as the value of /^ tha 
experimental results would almost exactly correspond with the re« 
ceived theory. 

Mr. Hodgkinson's experiments on the resistance of sheet iron tubea 
to compression, show (as his experiments on cast iron columns made 
in 1839, had previously done, and as Euler's theory indicates), that 
rectangular tubes are weakar than square ones, and both of these 
much weaker than cylindrical tubes ; so much so, indeed, that the 
9ub9tituti(m of etfUndrieal fw square or rectangular twb€%^ wmUL, 
according to Mr. Hodgkinson's experiments, effect a eaving of one- 
fourth of the metal in the top. 

Mr. Fairbaim, at the same meeting of the British Assoeiatioii, 
September, 1846, made the following communication of ^^Experi- 
ments on the Tubular Bridge, proposed by Mir. R. Stepheneony for 
crossing the Menai straits. These experiments, says Mr. Fair- 
baim, haye put us in possession of facts, which greatly incrtaae our 
knowledge of the properties of a material, whose powers, when it is 
properly put together, are but imperfectly understood ; for exclusive 
of the rapidly increasing use of wrought iron in the constmetion of 
ship-boilers, &c., its application to Imdges of the tubular form is 
perfectly novel, and originated with Mr. Robert Stephenson. Ex- 
periments of the most conclusive character were those made on a 
model tube on a large scale, containing nearly all the elements of 
the proposed bridge, and the various conditions with regard to form 
and construction, which had been developed by the previous inquiries 
(above alluded to). It occurred to Mr. Fairbairn that the strongest 
form would be that, wherein the top and bottom consisted of a series 
of pipes, with riveted plates on their upper and under sides. This 
form of top, says Mr. Fairbairn, would possess ffreat risidity, and is 
well adap^ to resist the crushing forces to which it is subjected ; 
and the bottcnn section appeared equally powerful to resist tenuM. 
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Mr. Fatrbaim thought that this is the etrongest form that conld be 
derised ; but practical difficulties present themaelveB in its construc- 
tion, as an easy access to the difTerent parts for the purposes of 
painting, repairs, &c., is absolutely necessary. The scale of the 
model tube was exactly one-sixth of the length, breadth, depth, and 
Sickness of metal of the bridge intended to cross one span of the 
strutsl 459 feet, (since increase to 462 feet.) In each of the expe- 
rimento, the weights were laid on at the centre, about one ton at a 
^se, and the deaeotitm was oarefnllT taken as well as the defects of 
elaslMit^ after the load was remored. 

"The reetangalar model tube, Fig. 87, was 80 feet long, 4'— 6" 
deep, 3' — 8" wide, 76 feet between the 
Biq>perti. The thickness of the plate: *ri«.a7. 

bMton .166 inch, sides .099 inch, top 
.147 inch, sectional area of bottom 8,8 
itMhes, wdgbt of the tube 4,66 tons ■■ 
10,889 lbs. First experiment, breaking 
w«^t 79,678 lbs M 86} tons. Ultimate 
deflexion 4,375 inohes, permanent set un- 
der itain of 67,842 lbs. .792 inch. With 
the strain of 35| tons, the bottom was torn 
aanndcr, directly across the solid plates, 
at a distance of 2 feet from the centre of 
the shackle, from which the load was sns- 
pmded. One of the principal otjects of 
Ais inqmry was to determine the ratio 
between the top and bottom of the tube. 

From the experiment* immediately preceding this, it appeared that 
the ratio of the area of the top to that of the bottom, in a rectangu- 
lar Utbe (of thin sheet iron), should be as 5 to 3. 

"The plates forming the top of the model tube were somewhat 
thicker than intended, and oonseqtwntly gave (as former experiments 
indicated) a preponderating resistance to that part. To obriate this 
ctiepHcity, two additional stripe, 6} by /<, weighing about 4 cwt. 
vera rireted along the bottom, extending 20 feet on each side the 
oeatre. This raised the area of Uie bottom to nearly 13 inches, 
b^ag aboot the ratio of 5 to 3, or 23,5 to 13. With these propor- 
tions, and havinK repaired the fractured part by introducing new 
platM, the expenmanta proceeded as before. 

"Seoond exporimoit. Breaking weight 97,102 IbB.B48,3 tons, 
intimate deflexion 4,11 inches. In this experiment the tube failed 
W one of the ends ziTing way, which caused the sides to collapse. 
'Ae weak pmnt in tnia girder was evidently a want of stiffness in 
the sidee. To remedy this eril and keep them in form, vertical ribs, 
eonpoeed of light angle iron, were riveted along the interior of each 
aide at distances of 2 feet; and, having again restored the injured 
parts, the tnbe was a third time subjected to the usual tests. 

"Tfaird experiment. Breaking weight 126,188 lbs.M66,3 tons, 
■haute deflexion 6,68 iKches. The tnbe waa torn asunder through 
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tbe bottom plates. The cellnlar top gave errident mnptoiDB of ;idd> 
ing to a cnufaing force by the puckerings of eaek nde, which gr&» 
dually enlarged as the deflection increased. These appeamnoea 
became more apparent as the joints of the plates on the ti^ aide had 
sheared off a number of the riveti, and the holes had slid orer eaeb 
other to an extent of nearly y'g of an inch." 

On Mr. Fajrbaim'8 most admirably stated facts, ve shall only 
remark, that a cetltUar bottom would probably be found to be the 
vedkat and not the strongest form in which the iron could be dis- 
tributed there ; for there is no tendency to bttekU in the bottom ; and 
to resist the transverse strain of paaaing loads (in the actual bridge), 
the separation of the plates composing the bottom, should only be 
such as to allow^f the introduction of connecting plates or joists to 
stiffen it, so as to make the bottom a roadway. Again, the ratio of 
the areas of the top and bottom above deduced, is evidently not an 
ahtolute quantity, but refiers only to the particular form qf ceU* 
adopted in these experiments. Theory and experiment indicate this 
to be the true view of the case. 
These experiments were used in determining the dimensions of the 
bndges ^ready erected, 
and now in constmotion. 
In reference to the Con- 
way Bridge, the first 
tube of which was erect- 
ed in March, 1^8, the 
following particulars are 
taken from the Civil Sn- 
gineers' and Architects' 
Jouma], for Jane, of this 
year. 

"Fig. 86 exhibits a 
transverse Beet)<Hi of one 
of the tubes. Fig. 89 is 
a side elevation, of 13 
feet in length, of the tobe, 
resting on the maBmryt 
The tiAte consisu of sides 
a, a, of wrongbt iroa 
plates, from 4 to 8 feet 
long, and 2 feet wide, by 
\ inch thick in the cen- 
tre, and Iths of an inch 
thick towards t^ end 
of the tube, riveted to- 
gether to T-angle-iron 
ribs, p]s«6tl on both sides 
of the joints, and angle- 
gussets at the feet of the ribs to stiffen them; a cwling (or top 
flange), composed of 8 cells or tabes A, each 20J inches wide, and 
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SI inehat ln|^; rad » floor oontaining 6 eells or tttbee e, 27^ inehes 
wide, uid SI inciies high. The whole length of the tube is 412 feet ; 
it ia 23 feel S^ inches high 
at the ends, and 25 feet 6 Fis. sq. 

intdtes high in the centre, 
(including the tubes at top 
and bottom, muting the 
whole leng^) and 14 feet 
wide to the ontside of the 
wdeplatee. The upper oeUs 
are formed of wrought iron 
plates, { ineh thick in the 
middle, and f inch thick 
towwds the ends of the 
take, put together with an- 
gle-iron in eaeb angle of the 
cells; and over the upper 
joints ii riveted a slip of } 
inch iron, 4^ inches wide. 
31ie lower mBi eonsiet of 
f ineh inm plates for the 
dividoBs, and the top and 
bottom of two thicknesfleB 
of plate, each 12 feet long, 
2 feet 4 inches broad, and 
} ineh thick in the centre, 
and ^ inch thick at the ends, 
and so arranged as to break 

the joint; and a coTering plate of ^ inch iron, S feet long, is placed 
over everf joint on the underside of the tube. The external csBing 
ia ank«d to the top and bottom cells hy angle-iron, on both the 
inside and ootside of the tube. The ends of the tube, where it rests 
«D Ae masowrj, are strengthened br cast iron framee d, to the 
extekt of 8 feet of the lower cells. 1*116 tube was constructed on a 
platfimn erected on the shore of the'rirer, close to where it was to 
oron; and, when finiehed, nz pontoons were placed under the tube 
at lew water, and at high water thej' lifted the tube off the piles 
«pon wimik the stage was erected. It was then floated to its desti- 
■atioa, and placed birtween the two towers, part of the masonry being 
left nkdoae until the tnbe was put into its proper position, and as it 
was raiaed by means of hydraulic lifting presses, the masonry was 
Imilt np under the tube. In order to allow of the free expansion 
and eontraotion of the tnbe, the ends rest on 24 pairs of iron rollers 
t, co^neoted together by a wrought iron frame, and placed between 
two east iron pJates j', it, 12 feet long by 6 feet wide, and 4 inches 
diiei. The lower plate is laid on a flooring of 8 inch planks I, bedded 
en A» atone-work. Fig. 88, h, h, are uprights, into which are fltted 
the aoss-Ufiing girders for attaching the chains of the hydraulic 
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The weight of each tube of the Conway Bridge has been stated 
to be 1300 tons, but whether this is the weight including the fixtures 
for the rails, or of the tube per %e^ is not recorded in uie papers to 
which we have had access. The total length being 420 feet, the 
weight may be stated as not less that 62 cwt. or 8,1 tons per ^' foot 
running." It is difficult to conceive anything more admirable than 
this final result, when we learn that, under the passage of the heaviest 
goods-trains, there is no sensible motion, by deflection, amons the 
parts of the tube-girders. No method of construction, hitherto 
adopted for large spans, could have accomplished this absolute secu- 
rity with so small a weight of materials. 

In what precedes, we have endeavored to trace the progress 
of a particular part of the engineer's art, with a view to encourage 
young engineers to look upon their art as capable of being formed 
into a science ; and we yet venture to add, in reference to what we 
have said as to the separate intellectual efforts involved in Mr. Ste- 
phenson's invention — that the adoption of the results of the above- 
mentioned experiments, the execution of the designs ultimately 
determined upon, and the erection of the tubes, are details requiring 
the highest order of skill and practice in the execution of works ; 
but, ike ^' keeping hold of the original idea,^ until brought to the 
form of ascertaining, experimentally, the best shape or arrangement 
of the materials, is certainly the essence of invention — marks out the 
Engineer-in-chiers work unmistakably — is the element in the grand 
result that commands the homage paid to engineering genius, bv the 
less gifted of the profession, and secures to itself, envy or jeafousy 
notwithstanding?, the due meed of fame and public applause, The 
co-operation of Mr. Hodgkinson, Mr. Fairbaim, and Mr. Clark, 
has doubtless been of very great service to Mr« Stephenson, and 
the Holyhead Railway Company, in. working out the details of a 
design, in proposing which, however, they had no share; but it 
seems impossible to associate the names of others with that of Ste- 
phenson in this work, further than we associate the names of Davies, 
Gilbert, Rhodes, and Frovis, with that of Telford, in connection 
with the Menai Suspension Bridge. Just as well might " all but 
the original idea" of the block machinery be claimed by Maudslay, 
who made it for Brunei. The same of the safety-lamp, by the tin- 
smith, who made the first for George Stephenson. The same of the 
hot-blast, by Mr. Wilson or Mr. Condie, who first applied it for Mr. 
Neilson ; and the same of many other cases, in which, from impera- 
tive circumstances, the inventor has found himself necessitated to 
delegate to others the actual execution of his " original idea." 

Whilst the experiments on the Tubular Bridges were in progress, 
letters-patent were granted to Mr. Fairbairn, for " improvements in 
constructing iron beams;" in which he claims '* the novel application 
and use of plates or sheets of iron, united by means of angle iron 
and rivets, or by other means, for forming or consknotinff, by sueb 
combination, hollow beams or girders for the erection of bridges or 
other buildings." 
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AltluHigh the prineiph of Mn Fairbaini's patent is perfeet, the 
lioiite of its eeonomioal application, is, as far as we can judge, to 
cases of great span, and where extreme strains are likely to be sad- 
denlj brought upon the structure. 

The system sucoessfally applied by Wiebecking, for wooden 
bridges, and in cast iron, by Beichenbach and Gauthey, and, lat- 
terly, to a certain extent, by Polonceau, in the beautiful Pont dn 
Carrousel, over the Seine, has recently been revived in malleable 
iron. On the extension of the London and Blackwall Railway, and 
elsewhere, Mr. Locke has introduced a hollow sheet iron areh, with 
suspended tie and diagonal bracings, to carry the roadway. We 
object to this fcmn of bridge, as being a retrogression in the principle 
of construction, and consequently offering no economical aavuitage, 
but the central^. ^ 

« 
[strength of cylindrical steam boilers, tubes, and fire-arms. 

It has been generally supposed that the rolling of boHer-plate iron, 
gives to the sheets a greater tenacity in the direction of the length, 
than in that of the breadth. Supposing this to be correct, it has 
frequently been asked how the sheets ought to be disposed in a 
cylindrical boiler of the common form, in order to oppose the greatest 
strength to the greatest strain. It has also been asked whether the 
same arrangement will be required for all diameters, or whether a 
magnitude will not be eventually attained, which may require the 
direction of the sheets to be reversed? 

To determine these questions in a general manner recourse must 
be had to mathematical formulas, assuming such symbols for each 
of the elements as may apply to any given case of which the sepa- 
rate data are determined either by experiment or by the conditions 
of the case. The prineiples of the calculation require our first notice. 

1. To know the force which tends to burst a cylindrical vessel in 
the longitudinal direction, or, in other words, to separate the head 
from the curved sides^ we have only to consider the actual area of 
the head, and to multiply the number of units of surface by the 
number of units of farce applied to each superficial unit. This will 
give the total divettent force in that direction. 

To counteract this, we have, or may be conceived to have, the 
tenacity of as many longitudinal bars as there are lineal units in the 
circumierence of the cylinder. The united strength of these bars 
constitutes the total retaining or quiescent force; and, at the moment 
when rupture is about to take place, the divettent and the quiescent 
forces must obviously be equal. 

2. To ascertain the amount of force which tends to ruptture the 

* Or bH tho designs Ibt iroD bridges hitherto planned and executed — whtn we con- 
sider the siamtion, the «ztaot» the elevatioo above the water, and the soenerjr by which 
it is sunoiuided— U>e most imposing is that of the wire bridge over Niagara river, a short 
distance below the' Falls. This bridge is still in progress. It was planned and executed 
hj Mr. Charles EUet, Jr.— Am. Ev. 
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cylinder along the ourved side, or rathcrr along two opposite sides, 
we may regard the pressure as applied through the whole breadth 
of the cylinder upon each lineal unit of the aiameter. Hence the 
total amount of force which would tend to divide the cylinder in 
halves by separating it along two lines, on opposite sides, would be 
represented by multiplying the diameter by the force exerted on 
each unit of surface, and this product by the length of the cylinder. 
But even without regarding the length, we may consider the force 
requisite to rupture a single band in the direction now supposed, 
and of one lineal unit in breadth; since it obviously makes no differ- 
ence whether the cylinder be long or short in respect to the ease or 
difficulty of separating the sides. The diveUent force in this direc- 
tion is, therefore, truly represented by the diameter multiplied by 
the pressure per unit of surface. The retaining, or quiescent force, 
in the same direction, is only the strength or tenacity of the two 
opposite sides of the supposed band. Here, also, at *the moment 
when a rupture is about to occur, the divellmt must exactly equal 
the quiescent force. 

8. In order to estimate the augmentation of diveUent force conse- 
quent upon an increase of diameter, we have only to consider, that, 
as the aiameter is increased, the product of the diameter^ and the 
force per unit of surfa^e^ is increased in the same ratio. But unless 
the thickness of the metal be increased, the quiescefint force must 
remain unaltered. The quiescent forces, therefore, continue the 
same — ^the divellent increase with the diameter. 

4. Again, as the diameter of the cvlinder is increased, the area 
of its end is increased in the ratio of the square of the diameter. 
The diveUent force is, therefore, augmented m this ratio. But the 
retaining force does not, as in the other direction, remain the same, 
since the circumference of a circle increases in the same ratio as the 
diameter. The quiescent force will, consequently, be augmented in 
the simple ratio of the diameter, without any additional thickness 
of metal. So that, on the whole, the total tendency to rupture in 
this direction will increase only in the simple ratio of the diameter. 

5. Since we have seen that the tendency to rupture, in both direc* 
tions, increases in the simple direct ratio of the increase of diameter, 
it is obvious that any position of the sheets which is right for one 
diameter, must be right for all. Hence there can never be a condi- 
tion, in regard to mere magnitude, which will require the sheets to 
be reversed. 

6. The foregoing considerations being once admitted, we may 
proceed to ascertain what is the true direction of the greatest tena- 
city in the sheet, if any difference exist, and what that difference 
might amount to, consistently with equal safety of the boiler in both 
directions. 

7. Let a; OB the diameter of the cylinder. 

fmt the force or pressure per unit of surface (pounds per square 
inch, for example). 

T » the tenacity of metal which, with the diameter Xj and the 
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foree/y will be required in the lineal unit of the circumference, in 
order to hold on the head. 

.Then will the whole quieBoent force be 8.1416 x T, while the divel- 
llNi4will be .7854 i^y; consequently, .7854;r^/-« S.1416x as above 
•toted. 

Dividing by .7854 :r, we have xfmm4tT; and we derive immedi- 
ately — 

4T 

X att • 

/' 

4T 



andT-^, 
4 

That is, the tenacity of the longitudinal bar of the mourned unit in 
widthj wiU he one-fourth of the product of the diameter into the preM- 
9uref measuring the tenacity by the same standard as the pressure, 
whether in pounds or kilograms. 

8. Now assuming the tenacity required in the circular band of the 
same width to be tj we shall, agreeably to what has already been 
said, have the diveUant force expressed by :£^, and the quiescevU by 

ft, 80that:5/'«2f and««^. Also/* ?i; and jr« ~ 

2 ^ J 

Having thus obtained two expressions for each of the quantities x 
and y*, we may, by comparing them, readily discover the relative 
TfUnes of T and tj — thus : 
4T^ 

^ *" "7" . 4T 2/ 

^^ V hence Z±. « fl whence 4T « 2«, or t =» 2T. From which 

X as ■ J J 

it follows, that widtr a knoum diameter^ and with a given force or 
pressure^ the tenacity of metal tn a cylindrical boiler of uniform thick* 
nes^^ ought to be tunce as great in the direction of the curve as in that 
of the length of the cylinder^ and that if this could be the case the 
boiler would stiU have equal safety in both directions. 

In whatever direction, therefore, the rolling of metal gives the 
greatest tenacity, in the same direction must the sheet always be 
bent in forming the convexity of the cylinder. It follows that if 
we suppose the tenacity precisely equal in both directions, the lia- 
bili^ to rupture by a mere internal pressure ought to be twice as 
great along the longitudinal direction as at the juncture of the head. 
This supposes the strain, regular^ and the riveting not to weaken 
the sheet. 

9. To know how large we may safely make a cylindrical boiler, 
having the absolute tenacity of the metol, in the strongest direction^ 
and with a known thickness, we have only to revert to the formula 

xmi —.* That is, the diameter will be found by dividing twice the 
J 
TOL. n. — 9 
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tenacity by the greatest force per unit of surface j which the boiler is 

ever to sustain. 

10. When knowing the absolute tenacity of a metal, or other 

material reckoned in weight, to the bar of a given area in its cross 

section, we would determine the thickness of that metal which ought 

to be employed in a boiler of given diameter, and to sustain a certain 

xf 
force, we may use the formula t a -^, and dividing the latter num- 

ber of this equation by the strength of the square bar, which we may 
call «, we obtain the thickness demanded in the direction of the curve, 

which we may denominate p ; so that p w* ^; this will give the 

thickness of the boiler plate either in whole numbers or decimals. 
Thus, suppose the diameter of a cylindrical boiler is to be thirty-six 
inches — that it is to be formed of iron Wbich will bear 55,000 lbs. to 
the square inch, and is to sustain 750 lbs. to the square inch — what 
ought to be the thickness of the metal ? 

Here z » 36 
/-750 

2s ■■ 110000, consequently, 

P as ^^^^^^ ac .2454, or a little less than one-quarter of an 
^ 110000 ' ^ 

inch. 

It must, however, be evident that the minimum tenacity of any 
particular description of metal, is that on which all the calculations 
ought to be made when there is any probability that the actual pres- 
sure will, in practice, ever reach the limit assigned as the value of/ 
in the calculation. 

If we had plates of different metals, or of different known degrees 
of tenacity in the same kind of metal, and were desirous of ascer- 
taining how strong a kind we must employ under a limited thtekness^ 
diameter^ and pressure^ we should decide the point by transforming 

the formula p » ^, into ps » ^, and then into s w* ^. In other 

^S M Zp 

terms, in order to know the strength of the metal required, or the 
direct strain which an inch square bar of the same ought to be capable 
of sustaining, we must muUiply the diameter of the boiler in inches 
by the pressure per square iftch in pounds^ and divide the product by 
twice the intended thickness in parts of an inch. 

Thus, how strong a metal ought to be employed to sustain a 
pressure of 1000 lbs. to the square inch, in a boiler thirty inches in 
diameter, and one-fourth of an inch thick ? 

Here s b ^-^r ^rrr- » 60.000. Hence we see that tfie metal 

2 X .25 

must be capable of sustaining sixty thousand pounds to the inch bar, 

or in that proportion for any other size. This formula enables us to 

determine whether among the metals of known tenacity, any one can 

be found to fulfil the conditions under the thickness assigned.] 
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DIVISION II. 



APPLICATION OF MECHANICS TO MACHINERY. 



INTROBTJCTION. 

§ 88. Machines. — MachineB are artificial arrangements, by which 
forces are appKed to produce mechanical effect. Tools or instn^ 
ments differ from machines chiefly in their being applied immediately 
to the work to be done, whilst machines are intermediate. 

In cYery machine we have to distinguish between the power and 
the reMtanee. Power is the cause of the motion of the machine, 
and retittanee is that which opposes the motion, and which it is the 
object of the machine to overcome. The powers applied to machines 
are modifications of those supplied by nature in the expansive force 
of heat, the action of gravity, the physical force of men and animals, 
fce. (Vol. I. § 60). The resistances to be overcome are the transport j 
and the change of form and texture of materials. 

There are in every machine three principal parts. One which 
receives the power, a second transmitting j communicating y or modify- 
ing Uie power, and a third applying it. In the conimon flour mill, 
considered as a machine, a water wheel receives the power of a water 
fall; the spur wheel and pinion, or a train of gear^ communicates 
the motion of the water wheel to a pair of stones revolving in a dif- 
ferent planCj and at quite different tpeed it may be, from that of 
the water wheel, and these stones gnnd the corn, or do the work 
desired. 



Mtmmrk. This snlhdiviHOQ i» not always manifest ; lor there are maohines, in which 
the power is transmitted so directly to the work to be done, that the communicators 
above mentioned are not apparent. The sub-division is, however, convenient, though it 
would, perhaps, be equally so to apply to recipients of power, the generic term titgme or 
machine; to the communicators of the motion, the general term mechomMm; and to the 
parts d<»ng the work, the general terra of operaion^ and in this manner to consider each 
separately, as they are, in fact, perfectly distinct On this subject, there are excellent 
oteervaikns in WiUis* ^^Princ^im of ifsdWrnum, 1840,'' and in Ampdre's ^'PhUotophk 
^ fti fiiffr." — ^Tb. 

§ 39. Mechanical JEffeeL — The mechanical effSoct produced by a 
machine, is measured oy the work done in a given time, or by the 
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product of the force exerted, and the distance gone through in a unit 
of time in the direction of that force* If P be the force exerted, and 
8 the distance passed through in a second, then is P^ a true measure 
of the effect of the machine L^m P% ft. lbs. 

It is verj usual to assume a somewhat arbitrarily chosen, but now 
pretty generally adopted measure, termed h>r%e power y as the unit 
of mechanical effect of engines or machines. The hor$e power is in 
England 33,000 lbs. avoird. raised 1 foot high in a minute. This is 
the eheval vapeur of the French, and which in French measures 
is 76 kilogrammes raised 1 metre high in a second. It is the 
Pferdekrcfi of the Germans, or 510 lbs. Prussian, raised 1 foot high 
in a second. 

We have to distinguish the useful effect^ the lost effect, and the 
total efieci ef maahinea. The useful effect is the work done, the lost 
effect is tiiat e otw um ed in orercoming the friction of the parts of the 
i^achine lost in shocks, &c., and the total effect is the sum of these — 
the effect inherent in the power, or the effect taken out of it. An 
engine or machine is so much the more perfect, the smaller the lost 
effect compared with the total effect, or the less loss there arises in 
adapting and transmitting the power. The ratio of the useful effect, 
produced to the total effect, has been termed the efficieney of the 
machine. If Z »■ the total effect L. « the useful effect, and L^ » the 

lost effect, the efficiency ly ■■ ^ b — - — I • Thus, the more per- 

feet the machine, the more nearly its efficiency approaches to unity; 
but as there is always friction, and other resistances and losses, taat 
degree of perfection cannot be attained. 

Extaufk. An ora •tamping mill coonsts of 90 iCaii^Mrt, each of which weighs 250 Ibe,, 
and eaeh it raised 40 timto per minute, 1 foot high. The machine driving these is a 
water wheel, taking on 260 cubic feet per minute, and the /a// is 20 feet high— tequirod 
the efficiem37 of this machine. The useful effect is : 

20 . ■ w . 1 ^^ 33331 A. pounds per second ■■ 6 horse power; the total efied, 

howevec. i»: O * 270 pounds water thraogh 20 feet per second as 5400 ftet 

Aa* pvsBeond ss 9,8 hone power; the hd ^i4t mm 5400 — 3338) ses 2066| leet 
lbs. att 3,75 hone power; and the efiicienoy of the whole amngement ■» 2. — ?± 

■^0,62. 

§ 40. Useful and prejudi&ial Resitstance, — The resistance to be 
overcome by machines may be subdivided, in like manner, into 
useful and prejudicial resistance, but as the power is applied to 
the useful and prejudicial resistances at different points, we cannot 
directly set the power equal to the sum of the us^ul and prejudi- 
cial resistance, but there must be a preliminary reduction. This 
reduction is made by means of the spaces simultaneously passed 
through by the different points of rmstance of the machine. If the 
power P be exerted for a space «, and the useful resistance P. for 
a space «|, and the prejudicial resistance P, for a space s^ we have 

Ps - P,«i + Pji^ hence P m. ^P^J^ !^ P^. 

s s 
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The point in the machine or system at whicb P is applied, is 
termed the point of application of the power, and the points at which 
P^ and P( act, are the points of application of the resistances ; we have 

in -!: P, the useful iiiiiiii>—Mi iiiiliiiiinl to the point of application of 

power, and ro-iP^ the prejudicial resiatance reduced to the same 

point. The power ta, therefore, equal to tht awm of ike uaeftU and 
prejudieial retistaiuet, reduced to the point of application of th4 
power. Again P^ _ — P ! P„ or the useful resistance is equal 

to the difference of the power reduced to the point of application of 
that resistance, and the prejudicial resistance reduced to the same 

point. Hence the efSciencT of a machine: n _ -^ _ '> P.: P^P,: 
Pa g 

— P, that is, the quoti^t of the useful resistance reduced to the 

power-point and the power, or the quotient of the useful resistance, 
and the power reduced to the point of application of the useful 
resistance. 

Very many machines are adaptations of the wheel and axle (Vol. I. 
§ 152), and hence the reductiont may often be accomplished as tot 
a leyer. If in the wheel and axle .^SC, Fig. 90, 
the radius of the wheel CA — a, the drum s ra- 
dios CB B b, then the statical moment of the 
power P, am Pa, and that of the useful resist- 
ance Pj >■ P/, and therefore the useful reaist- 

uioe reduced to the power-point .4 « - P„ and - 

the power reduced to the point of application b 

of the resistance — r -^^ ^^ *^^ prejudicial re- 

ststanee P^ consist in the axle frictiony (P+P, 
+ O), and if r B the radius DC of the axle, the 
moment of it is h P^r, and therefore the preju- 
dicial resistance reduced to the application .of 

power _ ^ — -^ (P + P, + G), the prejudi- 
cial resistance reduced to the point of applioa- 

tioQ of the resistance » :^ . -^ (P -I- P, -I- G). 
b b 

Hence P--P,--^(P-|-P, -|-G),al3oP,- ^ P_-^(P-|-P,+ C), 

lastly, ,_^P.:P-P.:?P_:^. 
a b Pa 

Exempk. For ■ whirl and inmt weighing 350 lbs , Uie wliMl being 30 inch«a nidiut, 

9* 
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and tfao dram 6 inches redim, the aile } indi radiiw— Che useful resistaooe being 500 

Ibs^ the oo-effieienc of axle friction Jg^ then the useful reeistance reduced to the point of 

b 6 

appUeatiJIMi of the power an ~ P, as — 800 sm 100 Ibe^ and the prejudicial resist- 

ance reduced to the same point : 

«,/!: (P + P, + G) — JL -—^ 0*0+ >*) — f + —, 
a^' ^2. 30 ^ •^600 

and hence we have to put the power: 

P»rl00+4+-£-, L e. P— 101,25 . -???.«s 101,42 lbs., 
^'^600 599 

100 
and the e/kkmat of the machine: s b w* 0,986* 

101,42 
OK THB BIOIDITY OV COBDAGB. 

AmontonSy and, after him, Conlomb, experimented on the rigidity 
of hemp ropes and cords: and Weisbach, adopting Coulomb's method, 
has recently experimented on the rigidity of hemp and wire rope, 
sach as are used in the drawing-shafts of mines. 

Conlomb deduced from his experiments, Chat the law of this f ma^- 
ance to winding may be represented by a formula composed of two 
terms ; the one, a con9tant for each drum or pulley, which we may 
designate by a, and which the distinguished experimenter tenuM 
'* natural rigidity j'* because it depends on the mode of manufacture 
Df the rope, and on the degree of twist given to the threads and 
strands; the other, proportional to the tension Ton the rope, and 
expressed by the product ^T, in which 9 is a constant for any rope 
or drum. Thus the resistance to winding, Rw*a + fiT. 

Coulomb also deduced from his experiments that the resistance to 
winding varies inversely as the diameter d of the drum or ptdley; so 

that It — a + ^. 

a 

Naviet, in using Coulomb's experiments to construct a formula, 
assumed that the co-efficients, a and ^, are proportional to a certain 
power of the diameter, depending on the state of wear of the rope; 
but this assumption is not true. For it would lead to this, that a 
fvom rope of 1 foot diameter has the same rigidity as a new one, 
which is evidently not true : and besides, the comparison of the values 
of a and fi prove that the power to which the diameter has to be 
raised cannot be the same for the two terms of the resistance. 

Coulomb's experiments, however, show that the rigidity is propor- 
-tional to the number n of threads in the rope^ for ropes of a given 
manufacture. 

For new white ropeSy the formula: 

JR » nr.0002 + .000171 n + .000243 Q] lbs. 
f<»r drums or pulleys of 1 foot in diameter, and 

Jl - 5 [.0002 + .000171 n + .000248 Q] lbs. 
d 

for a drum of diameter d in feet, accords well with experiments.^ 

* For the complete discussion of this subject, am Morin, **Le9ons de M^caoique 
pratique,*' I^re partie. 
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Whence it appean that tarred ropea are rather more rigid than white 
ropes. 

Weiabach has dednc«d from his ezperiments on wire rope, (4 wires 
roand a core in each strand, and 4 strands rooud a core in the rope,) 
weighing 8 lbs. to the fathom, the formula: 



A- 



»Qii 



in which Q is the strain on the rope in cwta., and d the diameter of 
the pulley. Whereas, for the hemp ropes, ^e for the tame tuec, or 

of the suae sti^ngth, R ^ 8,02 + 0,086 ~ : or the ri^dity is con- 

uderably gretAer. 

Wire ropes, newly tarred or greased, have about 40 per cent. Ie« 
rigidity than nntarred ropes.* 

(41. WorJdng Condition. — When a machine is set in motion,it soon 
comes to its viorking condition, that is, there recnr at regular periods 
the same relatiye position of the parts, the periodic motion becomes 
nnifonnly so. In this condition we assume machines to be in apply- 
ing our principles, but their working condition may, according to 
circiUQBtances, be either uniform or variable. The causes inducing 
irregnlarity are rariatioos in the power or in the resistance, as also 
the proportions of, or coDStraction of the machine, in reference to 
variaUons in the spaces described in a given time by the power and 
resistance, and the state of motion of inert masses. 

In a steant-engine, the power is variable when the engine " works 
ezpansiTely," that is, when the steam is oat off 
daring the progressive motion of the piston. *%■ ^^ 

In a mill for rolling iron, the power and retrist- 
ance are continually varying, because the forge 
hammer a oiU of gear when faUing on the 
blooms, and, therefore, the working condition 
of the machines is irregular. If the engine 
work expansively, then there would arise from 
the combination of the engine, and hammer, 
and rollers, three causes of irregularity. When 
a weight G, Fig. 91, is raised by a steam- 
ei^ne with uniform pressure by means of a 
wheel C>9„ and crank CB„ the machine has 
a variable working condition, because equal 
spaces ^^„ JijA^ A^^ A^^, of the resist- 
ance correepond to very unequal distances 
described by the power, and, therefore, the 
ratio during a h^f revolution is variable, but 
tw period! of a half revolution it is uniform. 

* Weialiaab'i p>p«i* on ibU nibiaBt !■ oontKined in rho flnt narnbai of K joarnal pnb- 
IWMd Bt Frayterg, nndac tbe tide "Ser InBoniew Z«itnhhft AIt cIm gaaintnte Inge- 
njeanrenii," 1846. 
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In the case of uniform working condition, the inert masses on a 
ma(;hine are without influence, because it is only at first, when the 
machine is still accelerating in motion, that they absorb mechanical 
effect, but later, when uniform motion has established itself, there is 
neither loss nor gain of mechanical effect (Vol. I. § 52). But if, on 
the other hand, a machine be subject to irregular working conditions, 
the inert masses of the parts have an essential influence on the motion 
of the machine, because they absorb mechanical effect at erery acce- 
leration of speed, and this they again give off at each retardation. 
If M be the sum of all the masses reduced to the power or resistance- 
point of a machine, v^ and v., the minimum and maximum velocities 
of the power, or resistance-points, we have the mechanical effect 
which the inert masses absorb during their transition from the 
velocity v^ to t^,, and which they again give out in passing from v, 

* * I JIf, Thus, in each period, the inertia of the 

masses increases and diminishes the lost effect by the above amount, 
and, therefore, the total effect for the whole period, or the mean 
effect is the same as if these inert masses were not there. Hence, 
as a general formula, P«« P^b^ + Pg^,^^^^^ 8^^^ ^^^ ^ variable 
working condition, if by «, «i, «,, we understand the spaces described 
in a complete period, or if for P, P., P,, we substitute the mean 
values of the power, and useful and prejudicial resistance, for a 
given period. For the case of accelerating motion : P« ■■ Pji^ + 

P,*, + /y~^A JM, hence v. — v. ^^ — (^A + ^A), This for- 

mula shows that the variations of velocity of a machine are not only 
less, the' less the difference between the effects of the power and the 
sum of the effects of the resistances, but also the greater the masses 
of the parts of the machine, and the greater their velocity. 

Remark, It does not ktWow that because the mass of the parts do not affect the effioltnof 
of a machine, but only its working condition, that it is a matter of indifference, whether 
the parts of a machine have more or less mass. Weight increases friction, (pvfs Tise to 
shocks, &c., whicli are prejudicial. But of this in tlie sequel. 
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SECTION 11. 



OF MOVING POpBRS AND THEIR RECIPIENT MACHINES. 



CHAPTER I. 

OF THE H1IAS0BB OF POWERS AND THEIR EFFECTS. 

§ 42. JDymtnMneter. — In order to determine the mechanical effect 
produced by powers and machines, in terms of the har$e patter unit, 
three elements are necessary, yis: The magnitude of the power or 
effort^ the distance paeeed through bg A, and the time during which 
the power hoe acted. 

To enable ns to represent the effect of forces, we must, therefore, 

hare measures of the force applied, the distance, and the time. Dg* 

namometere serve to measure the force applied, the chain is generally 

used for measuring space, and clocks or watchee measure time. If P 

be the magnitude of the force indicated by the dynamometer, and e 

the distance throughout which it has acted during the time ty then^ 

the work or mechanical effect produced in this time is ■■ P$, and the 

Pe 
work per second L » — • 

^ t 

Of dynamometers, there are various forms. The common balance 
is a dynamometer, and is used to measure the force of gravity or 
weigJd. Modifications of spring balances, and the friction brake are 
the dynamometers applied to measure forces producing mechanical 
effect* The friction brake is applied to measuring the mechanical 
effect given off by revolving axles. 

Balances are simple or compound levers, on which the force or 
weight to be measured is set in equilibrium with standard weights. 
Balances are either equal or unequal-armed levers, and the latter 
are variously combined, according to the purposes to which they are 
applied* 

§ 48. Oommon Balance. — The common balance is a lever with 
equal arms, Fig. 92, on which the weight Q to be measured is 
eouilibriated by an equal weight P. .^B is the beam with its points 
ot suspension, (Fr. flSaUy Qer. Waagehalken^ CD the index or 
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Fifr ^8- point, (Fr. aiffuilUy Ger. Ziin^^,) 

CE the support or fork, (Fr. «ttp- 
portj Ger. ScheerCj) C is theluiife- 
edge or fulcmm, a three- sided 
prism of hard steel. 

The requisites of a balanoe are : 

1. That it shall take a horisontal 
position when the weights in the 
two scales are equal, and only then. 

2. The balanoe must have $en»> 
bUity and itabUity^ that is, it must 
play with a very slight di^erence 
of weight % either of the scales, 
and must readily recover its hori- 
zontal position, when the weights 
are again made equal. 

That a balance with equal weights in the two scales may be in ad- 
justment, the arms must be perfectly equal. If a be the length of 
the one, and h be that of the other arm ; P the weight in the one 
scale, and Q that in the other. Then when the beam is horizontal 
Pa OB Qh. If, however, we transpose the weights P and Q, we have 
again Pb a Qa^ if the beam retain its horizontal position. From 
the two equations we have P^ab» Q^ab, therefore, Pis» Qy and 
likewise a » i. When, therefore, on transposing the weights, the 
equilibrium is not disturbed, it is a test of the truth of the balance. 
A balance may also be tested in the following manner. If we put 
one after the other two weights P and P into equilibrium with a third 
Q in the opposite scale, the two weights P and P are equal to each 
other though not necessarily equal to Q. If, then, we lay the two 
equal weights in the opposite scales, removing Q, we should have in 
case of equilibrium Pa ■■ P&, and hence a ■■ fr. Thus the hori- 
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Eontality of the balance when tvo equal veigbts are laid apon it, is 
a direct proof of its truth or juttiutt. Small inaocuracieB ma; 
be adjnated b; meaoB of the screwB if, Z., as shown on the balance 
(Fig. 93), which Herves to preai out or puU in tbe points of «u*- 



If a balance tndicateB weights P and Q for the same body', accord' 
ing as it has been weighed in the one scale or the other, we have 
for the trne weight X of that body : Xa^^ Pb and Xb a* Qa, hence 
X' . <A — PQ . <A, OT, X} — PQ, and X — s/PQ, or the gevmetric 
mtam beaten the tuio vahiea it the true weight of the body. 

We may alao put X - ■>/P(P+ Q — P)^ ^ J^+ ^T^* ""* 
approzimatdy 1-^/1+ ■ ~ \ _ — ^—r, when, as is nsual, the 

difference Q — P is small ; we may, therefore, take the arithmetical 
mean of tlie two weighing^ aa the true weight. 

§ 44. iSennbilit^ of Balanee». — That the balance may move as 
freely aa possible, and particularly that it may not be retarded by 
friction at the fulcrum, this is formed into a tbree^sided prism or 
kn{fe-edge of steel, and it rests on hardened steel plates, or on agate, 
or other stone. In order, further, that the direction of the resultant 
of the loaded or empty scale may pass through the point of sua- 
pension uninfluenced by friction, in order, in short, that the leverage 
of the scale may remain constant, it ia necessary to hang the scales 
by kDife-edges. In whatever manner such a balance is loaded, we may 
always assume that the weights act at tbe points of suspension, and 
that the points of application of the resultant of these two forces is in 
the line joining the points 

of snapeosion. As, accord- ^* ^■ 

ing to Vol. I. § 122, a sus- 
pended body ia only in 
equilibrium when its centre 
of gravity is under the point 
of suspension, it is evident 
that the fulcrum D of the 
balance. Fig. 94, should be 
above the centre of gravity 
S of the empty beam, and 
alao not below the line ^B 
drawn through the points 

of suspension. In what follows, w« ahall assume that the fiilcnim 
D is above ^B and above S. 

The deviation of a balance from horlEontality is the measure of its 
sensibility, and we have to investigate the dependence of this on the 
difference of weight in the scalea. If, for this, we put the length of 
the arms C^ and CB — I, tbe distance CD of the fulcrum from the 
line passing through the points of suspension » a, the distance SD 
of the centre of gravity from the fulcrum ■■ «, if further we put the 
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angle of deviation from the horisontal ■■ py the weisht of the empty 
beam «■ G, the weight on the one Bide ■■ P, and that on the other 
a P + Z, or the difference « Z, and, lastly, the weight of each 
scale, and its apurtenances » Q, we hare the statical moment on 
the one side of the balance : {P+ Q+Z). DH^ {P+ Q+ Z) 
ICK— DE) — (P + Q-h Z) {leo».p — a «in. p) and on the other 
Bide:(P+ Q).DL+G.DFnm{P+ Q) {CM + DE) + G . DF 
M. (P 4. Q) (; COS. P + a Ml. p)+ G $ nn. p; therefore, equilibrium : 
(P + Q + Z)l COS. P — a sin. f ) — (P + Q) {I eos. p + a nn. p) 
+ G 9 sin. py or, if we introduce tang, t, and transform : 
[[2{P+ Q) + Z]a+ Gs"] tang. ♦ — ZZ, therefore, 

^^\' - [2(P+Q) + Z]a+G/ 

This expression informs us that the deviation, and, therefore, the 
serMility of the balance, increases with the length of the beam, and 
decreases as the distances a and s increase. Again, a heavy balance 
is, eceteris paribuSy less sensible than a light one, and the sensibility 
decreases continually, the greater the weights put upon the scales. 
In order to increase the sensibility of a balance, the line ^B joining 
the points of suspension and the centre of gravity of the balance, 
must be brought nearer to each other. 

If a and s were equal to 0, or if the points D and S were in the 

Zl 
line ^By we should have tang, fa — ■■ <x> , therefore f» 90^; and 


therefore the slightest difference of ireights would make the beam 
hick or deflect 90^. In this case for Z s 0, we should have : 

tang, f ■■ -, t. «• the beam would be at rest in any position, if the 

weights were equal in each scale, and the balance would therefore 

be useless. If we make only a » 0, or put the fulcrum in the line 

Zl 
ABy then tang, t «■ -^^ , or the sensibility is independent of the 

Gs 

amount weighed by the balance. By means of a counterweight N 
with a screw a<](justment. Fig. 98, the sensibility may be regulated. 

§ 45. Stability and Motion of Balances. — The stability, or statical 
moment, with which a balance with equal weights returns to the po- 
sition of eouilibrium, when it has inclined by an angle t^ is deter- 
mined by tne formula: 

5- 2 (P + Q) . D£; -h G . DP« [2 (P -|- Q) a + G»] sin. p. 
Hence, the measure of stability increases with the weights P, Q, and 
G, and with the distances a and «, but is independent of the length 
of the beam. 

A balance vibrating may be compared with a pendulum, and the 
time of its vibrations may be determined by the theorv of the pen- 
dulum. 2 (P + Q) a is the statical moment, and 2 (P -t- Q) . AW 
B 2 (P+ Q) (P + a*) is the moment of inertia of the loaded scales, 
and Gsi% the statical moment of the empty beam. If we put the 
moment of inertia of the beam » Gy*, we have for the length of 
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the pendolam which would be isochronoos with the balance (Vol. I. 
§ 250): 

2(P+Q){P + a') + G y' 

"* 2{P+Q)a+0$ ' 
and hence the time of vibration of the balance : 



4 



2(P+Q)(P + a») + Gy\ 



for which, when a is very small or 0, we may pat: 



4 



2(P+Q)P+Gy^ 



It is evident from this that the time of a vibration increasee as 
P, Q, I increase, and as a and 9 diminish. Therefore, with equal 
weights, a balance vibrates the more slowly, the more sensible it is, 
and therefore weighing bj a sensible balance, is a slower process 
than with a less sensible one* On this account it is useful to furnish 
sensible balances with divided scales (as Z, Fig. 93}. In order to 
judge of the indication of such a scale, let us put Z the additional 
weight » in the denominator of the formula : 

Zl 

and write t instead of tang, f, we then get: 

Zl 

*"'2(P+Q)a+ G/ 

If we then put Z for Z^, and f for f., we get: 

Z I 
A sa —--— — --* — -, hence t • t. » Z : Z,; or, for small dif- 

' 2{P + Q)a + G8 * 

ferences of weight, the angle of deviation is proportional to that 
diflfereaoe. Hence, again t:ti — t»Z:Z^ — Z; and therefore 

Z ee (Z. — Z). We can, therefore, find the difference of 

fi — ♦ 
weights corresponding to a deviation t, by trying by how much the 

deviation is increased, when the difference of weights is increased 

by a given small quantity, and then multiplying this increase 

(Zj — '^ hy the ratio of the first deviation to the greater deviation 

obtained. 

Btmark, Balances such as we have been ixmsidering, are lued of all dimensions, and 
of alt degrees of delicacy and perfection. Fig. 92 is the usual form of this balance used 
in trade, and Fig. 93 represents the balances used in assaying, analysis, and in physical 
researches^ Such balances as Fig. 93| aie adapted to weigh not more than 1 lb. ; but 

they will tarn with _ of a grain, or with of a pound. The finest balances that 

vO ovOOuO 

have been made, render part of the weight appreciable, but such balances are 

X,UUU|UUv 

only tot extremely delicate work. Even large balances may be constructed with a very 
high degree of 9en»ibility. For minute details on this subject, the student is referred to 
Lardner's and Eater's Mechanics, in ** Lardner's Cyclopedia.'* 

§ 46. Une^al^rmed Balance%. — The balance with unequal arms, 
termed statiraj or Roman balance and 9teelyardy presents itself in. 
VOL. !!• — 10 
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three different fonne, ris: steel- 
yard with movable weight, Bteel- 



Fig. 99. y&TO. witn movable weigbt, Bteel- 

ry\ jard with proportional weights, 

,~^-/^-.ji ii.i>Biitt<H and steelvardwith fixed weight. 



Lf.Al i^^ 




The steelyard with running 
weight is a lever with nnequal 
arms ^B, Fig. 96, on the shorter 
arm of which C^, a scale is sus- 
pended, and on the longer di- 
Tided arm of which there is a 
running weight, which can be 
brought into equilibrium with 
the body to he weighed Q. If 
l^ be the leverage CO of the 
running weight G, when it balances the empty scale, we have for 
the statical moment with which the empty scale acts X^ >■ Gl^ but 
if ^ K the leverage CG, with which the running weight balances a 
certain weight Q, we have for its statical moment: Xn ^ Gl^; and 
hence, by subtraction, the moment of the weight Q, ^ X^^ X, 
^Q{ln~Q—G . OG. If again a ~ CJI, the leverage of the 
weight, and if b be the distance OG of the running weight from the 
point 0, at which it balances the empty scale, we have Qa — Gb, 

and therefore the weight Q a — 6. Hence the weight Q of the body 

to be weighed is proportional to b the distance of the running weight 
from the point O. 2 b corresponds to 2 Q, 3 6 to 3 Q, kc. And, 
therefore, the scale OB is to be divided into equal parts, starting 
from 0. The nnit of division is obtained by trying what weight 
Qn must he put on the scale to balance G, placed at the end B. 

Then Qn is the nomber of division, and therefore -r— the scale or 

QDit of division of OB, If, for example, the running weight is at B, 

when Q ID 100 lbs., then OB must be divided into 100 eqtial parts, 

and, therefore, the unit of the 

scales — :—. If for another 

100 
weight Q, the weight G has 
to be placed at a distance b 
— 80, to adjust the balance, 
then Q •> 80 lbs.; and so 

In the steelyard, Fi^. 96, 
with proportional weights, 
the body to be weighed hangs 
on the shorter, and the stand- 
ard weights are put on the 
CB 
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', in wlueh case tbe balance 
a 
becomes a decimal balance. If tlie balance has been brought to 
adjustment or boEizontality by a standard veight, then for the weight 

<2 of the body in tbe scale, we have Qa « Gb; hence Q^- G, and 

Uierefore the weight of the merchandise is fonnd hy mnltiplying tbe 
email weight G by a coastant number, for instance, 10 in. the deci- 
mal balance, or if the latter he aesnmed - times as heavy as it really Is. 

The steelyard with fixed weight, Fig. 97, called the Danish ba- 
lance, has a movable falomm C, (or it is movable on its fnlcmm,) 
which can be placed at any point in the length of the lever, so as 
to balance the weights Q hung on one end, by the oonstaat weight 
G, fixed at the other. 

■ The divisions in this case are '^*- "■ 

unequal, as will appear in the 
following remark:— 

Stmark. In orderio diviile tbeDsnlih 
WMlTwd,Fig.lie,drmwllinxi|[b iu ocnlTe 
of giaviif S and iU point for luapenikm 
B iwo parallel lines, and set off on Ibens 
frDm 8 end B n\ml diviiioni, and draw 
from the dnl puini of division of die one, 
lines lo (he poinii of diviaion I, II, III, 
IV of ihe odiei parallel simighi line. 
Tbeae line* «ut ibe axis B8 of tbe boiin 
in iho point* of division required. The 
point of inteneciion (1) of the line 1, 1, 
bisecis SB, nnd, \tf placiag the fliterum 

there, tbe weight of Ibe raerchandiBe is equal ui the tD«al wei^t of die itoaljrBid, if it 
be borixontal, or in a stale of equilibrium. Tbe 

point ofinieisectioa (3) in the line I,l],i* ■• fu t>^ ob 

again from 8 as ttmn B; and, therefore, when ^' 

t^ point is lapported Q ^ 3 O, when oquili- j 

bnum is enablisbed similarly, tlie point of divi- | 

UOD {3) in ibe line I, III, ii 3 limee as far ftaia 
8 tt frum B; and henoe Ibr Q ^ 3 G, tbe fut> 
cnim must be ntoved to ihii point It is also evi- 
dent (faai by supporting ibe poinu of division i, 
i, &c ihe weigh! Q k } G, ^ O, and so on. when 
tbe beam is in a stale of equilibrium. We see 
fiotn ihis Ibal ihe pmau of diviiicin lie nearer 
tofelbflr (or beavy waighu, and fuithei apan for 
Ii)Cht weigbu, and that, Iherefbie, ihe sensilnlily 
of this balance is very mriable. 

§ 47. Weigh-bridgeg. — Compound balances consist of two, three, 
or more simple levers, and are chiefly used as weighing-tahleg or 
taeigh-hridget for carts, wagons, animals, &c. Being used for weigh- 
' • • " The 



ing great weights, they are generally proportional balances. 
Kale of the ordinary steelyard is replaced here by a floor, which 
should be BO supported, and connected with the levers, that the 
rcceiriug and removing of the body to be weighed may be as conve- 
niently done as possible, and that the indication of the balance may 
be Independent of the position of the body on the floor. 



Fig, 99 represents a very good kind of weigh-bridge by Schwilgne 
in Strasbourg (balance d ba»!ule). Tbis weigh-bridge eonsiets <u a 



two-armed lever ^CB, of a simple single-armed lever ^^C^B,, and 
of two fork-like siogle-armed levers B,5,, D5„ kc. The fulcrum of 
these levers are C, C^ and -D,-D,. The bridge or floor W is only par- 
tially shown, and onlj one of the fork-formed levers is visible. The 
bridge osnally rests on four bolts K^, JT,, &c., but during the weigh- 
ing of any body, it is supported on the four knife-edges S„ S„ sc., 
attached to the fork-shaped levers. In order to do this, the support 
E of the balance ^B is movable up and down by means of a pinion 
and rack (not visible in the drawing). The bosiness of weighing con- 
sists in raising the support EC, when the wagon has been brought on 
to the Soor, in adjusting the weight G in the scale, and finely in 
lowering the bridge on to its bearings K^, K^, &o. The usual propor- 
tions of the levers are: -i:-^ b 2, -—J _ 5, and the arms --— ■ b 10. 

CB ' CB^ ' B3 

If, therefore, the empty balance has been adjusted, the force at B 
mr ^, •— 2 G, the force at B, — 5 times the force in ^ ih 10 G, and 
lastly, the force in iS' « 10 times that in £, « 100 G. And, there- 
fore, when equilibrium is established, the weight on the floor is 100 
times that laid on the scale at G, and this makes a centesimal sokle. 
Another form of weigh-bridge such as is constructed at Angers, b 
shown in Fig. 100. Toe bridge IF of this balance, rests by means of 
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four snpportB at S„ B^ &c., on the fork-shaped BiDgle-armed levers 
Afi-i^C^, ^^,Cj, of wluch the latter is oonnected vith the prolonga- 
tion C,H of the former, bj a lever DEF with equal arms. Until 
the bridge is to be used, it rests on beams S, S, but when the load is 
brought on, the support LL of the balance ^B is raised (and with 
it the whole system of levers), by means of a pinion and rack-work, 
and then so.fSuch weight is laid in the scale at G, as is necessary to 
produce equiUbriam. 

Id whatever manner the weight Q is set upon the bridge W, th« 
eum of the forces at £„ £„ &c., is always equal to that weight. 

But the ratio -7^ is equal to the ratio -p:~ — ^ of the length of the 

arms, and the length of the arm DE — length of arm I)F, aa 
also C,H~ Cj^,. It is, therefore, the same in effect, whether a 
part of the weight Q is taken up on B„ or directly on B^ ; or the 
conditions of equilibrium of the lever C^B^.^^ are the same, whether 
the whole weight Q act directly on B„ or only a part of it in B„ and 
the rest in £„ and only transferred by the levers C^^„ EDF and 

C,H to C,B,^,. If, further, t ^ the ratio of the arms ^ of the 
' • ' ' ' '6 CB 

apper balance, the force od the connecting rod S.^, b ^ . G, and 

hence the weight on the floor supposed previously ai^asted, is : 

Q « 2i . ^ G. Generally ? - ^ - 'r°.*>enee, § - '?«, and the 

0| DO, B 

balance is centesimal. 

§ 48. Portable Wetgh-bridge. — In factories and warehouses, 
various forms and dimensions of weighing-tables, after the design 
of that of Quintenz, are used. This balance, which is represented 
in Fig. 101, consists of three levers JCD, EF, and UK. On the first 
lever bangs the scale-pan G, for the weights, and two rods DE and BH. 
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The rod DE carrieB the lever taming on the fixed point Fy and the 
second rod BH carries the lever HKj the fulcrum of which rests upon 
the lever EF. In order to provide a safe position for the two latter 
levers, they are made fork-shaped, and the axes F and K on which 
they turn, are formed by the two knife-edges. On the lever HK^ 
the trapesoidal floor ML is placed to receive the loads to be weighed, 
and it is provided with a back-board MJV\ which prot^ts the more 
delicate parts of the balance from injury. Before and after the act 
of weighing, the lever formed by the border of the floor rests on 
three points, of which only one, A, is visible in ottr section ; and the 
balance beam JID is supported by a lever-formed catch 5, provided 
with a handle. When the merchandise is laid on the table, the 
catch is put down, and weights are laid on at G, till the balance ^D 
is in adjustment. The catch is again raised, so that HK comes 
again to bear on the three points, and the merchandise can be re- 
moved without injury to the balance. The balance ^D is known to 
be horizontal by an index Z, and the empty balance is adjusted by 
a small movable weight 7, or by a special adjusting weight laid on 
the scale at G. 

In this, as in other weigh-bridgei, it is necessary that its indica* 
tions be independent of the manner in which the goods are placed 
upon the table or floon That this condition may be satisfied, it is 

EF 
necessary that the ratio j^ of the arms of the lever EKF^ be equal 

aF 

CD 
to the ratio ~--- of the arms of the balance beam JiD* A part X of 

CB ^ 

the weight Q on the floor is transferred by the connecting rod BH 
to the balance beam ^Hj and acts on this with the statical moment, 

CB » X; another part F, goes through K to the lever EF^ and acts 

KF 

hi E with the force —^^ . F. But this force goes by means of the 

EF 

rod DE to D to act on the balance beam. The part F, therefore, 

j[p 

acts with the statical moment, CD*—^* F,and atJB withtheforoQ 

Er 

Ttd ' TTp ' ^ ^^ ^^^ balance beam »^D. That the equilibrium of 
CB EF 

the balance beam may not depend on either JT or F alone, but on 

the sum of them Qmm X + F, it is requisite that F should act on the 

point £, exactly as if it were applied there directly, or that : 

CB EF ' CB EF CB KF 

we denote the arms C4 and CB by a and A, we have here as in the 
simple balance Gamm{X+ F) & at Q 6, and, therefore, the weight 

required Qsm ~ G, for example, =■ 10 G, if the length CB is o« j\ of 



C/9. Such a balance is tested by laying a certain weight on different 
parts of the floor, particularly the ends, to ascertain whether it 
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ereryirhere equilibrates the weight G ^ times smaller than itself, 
placed on the Bcale. 

BtMori 1. Meun. George, at Paris, mBnufBcluia weigbing-ubiN of s peculiu ron- 
Mcuclkm deaoribed in thr " Bollrlin de In Soci^te d'EncourngeTnent, April, 1B44." Tbi> 
(AtaiKc hu oolr one nupeodiDg lod BD, Fig. 102 ; but lo provide aj|Euii» iha &uor FM 



Mmii^ thsrs are two koif»«dgB axes on the btck, wliich ara united wiib two p*if of 
kaiffredgei J? and JT, bf Cour parallel rod< EH and FK. According lo tlin theory of 
oooplee, the tention Q, on the rod BD is ei|ual to a weight Q laid on the ftoor; but b» 
■idea this, ibe floor iitelf acta outwarda with a force P in £, anil with an oppotite force 
— P ia F inwardt. If (f be the diatance DZof the weigbt Q frntii the rod JJZ), anil ( tbtt 
dimiKMi oT tbe knife et^iea E and F, then c P ^ if Q, and, therefore, ettoli boiiKontal force 
P ^ 5 4 Theae Ibfoea do not influence the lever, and therefore tbe weight Q ^ ^ 0, 

if,Ba hMiena, ■ and A denote the lever arma f\d and CB, ami O the wngbl in the acale. 
Stmar k i. Weigh bridgri are treated of in detail in the'' Allgemeinen MaKfainen Ktt- 
(TclopUie, Bd. 3, An. Brtkkenwaagen," under the an. " Weighing Machine, in the Ei^ 
<7clix Britaonica Edinenaii." 

§ 49. Index Balaneet, or Beta Lever Balaneet. — The bent lever 
balance is an nnequal-armed lever ^CB, Fig. 103, which shows the 
weight Q of a body hung on to it at B, by an index CA movi^ over a 
Male DE, the weight G of the index head beins constant. To deter- 
mine the theory of this balance, let us first tale the simple case, in 
which the axis of the pointer pMses through the point of suspension 
£of the scale, Fig. 104. When the empty baUnce is in equilibrium, 
t. e. its centi;e of gravity S^ vertically under the centre of motion C, 
let the index stand in the position CD^ and let the point of suspen- 
sion be in B.. If now we add a weight Q, then B^ comes to B, and 
i>o to A (ind <S'o to S, and thus the weight Q acts with the leverage 
CKy and the weight G of the empty balance, with the leverage CH. 
Therefore, for the new state of equilibrium Q . CK « G . CH, If 
now D^ falls perpendicularly on CD, we have CD^ and 5CH, 

two similar triangles, and, therefore, •-^- w - Jf jr-i &°d as besides. 
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CK -D.JV* 
the triaDgles i>„PJVand CBK are amilar, we have also ^_ « -^-g, 



and hence: 

CB.D^ CS.D,K CS P,P if. 

05-a,CS-&, Ci)o<-Ci)-(/, andi>oP-2, Q.| .£. There- 
fore the weight Q increases with the portion JDLP » a:, cat off by the 
index from the vertical Dgii., and therefore dX may be divided as a 
scale of eqnal parte. If a point P on the scale haa been found for a 
known weight pnt on the balance, other points of division are got b; 
dividing D^P into eqnal parts. If the index centre line of the CO, 
does not pass through the point of Buepension, bnt has another di- 
rection CE^ the scale of equal parts corresponding to it, is found, 
if we place the right-angled triangle CDJ^ as CE^ or CE^ and 
lastly, in order to get the circular scale E^R, we have to draw radii 
from the centre C through the points of division of the line £^V to 
the periphery of the cirde passed over by the point of the index. 

lywark. IlKie sre olbei index balanoea doKiitwd in Laidner'i and EKler'i Hecbanks. 
Such balances aie chieBy tued for weighing letlera and paper, thread, and auoh Ulie 
■nanuracluief, where tamplea have fiequentljr to be weighed. 

§50. Spritig-halaneet or Dynamometers. — Spring-balances are 
made of hardened steel springs, upon which the weights or forces 
act, and are furnished with pointers, indicating on « scale the force 
applied in deflecting the spring. The springs most be perfectly 
tempered, or they must resume their original form on removal of the 
force applied. Thus spring-balances should never be struned be- 
yond a certain point proportional to their strength ; for if we surpass 
the limits of their elasticity in any application of them, they are 



SPBIHa BALANCBS. 



117 



Fig. 105. 




afterwardB useless as accurate measures of weight. 
The springs applied for such balances are of many 
different forms. Sometimes they are wound spirally 
on cylinders, and enclosed in^ cylindrical case, sa 
as to indicate the forces applied in the direction of 
the axes of the cylinder by the compression or ex- 
tension of the spiral. In other balances the spring 
forms an open ring ABDECy Fig. 105, and the index 
is attached by a hinge to the end C, and passed 
through an opening in the end A, If the ring B be 
held fast, and a force P applied at £, the ends A and 
(7 separate in the direction of the force applied, and 
the index CZ rises to a certain position on the scale 
fastened at i> to the spring. It the scale has been 
previously divided by the application of standard 
weights, the magnitude of any force P applied, though previously 
unknown, is indicated by the pointer. 

Fig. 106 is a representation of Regnier's dynamometer. ABCD 
is a steel spring forming a closed ring, which may either be drawn 
out by forces P and P, 

or pressed together by Fig. 108* 

OJ^andD; DEGHib 
a sector connected with 
the spring, on which 
there are two scales; 
MG is a double index 
turning on a centre at 
.¥, and EOF is a bent 
lever, turning on O, 
and which is acted upon 
by a rod BE^ when the 
parts B and D of the 
spring approach each 
other in consequence 
of the application of weights or other forces as above mentioned. 
That the index may remain where the force has put it, for more con* 
veniAt reading, a friction leather is put on the under side. 

The most perfect, and most easily applied dynamometer for me- 
chanieal purposes, is that described by Morin, in his Treatise, 
*' Description des Appareils chronom^triques d. style, et des Appareils 
dynamom^triques, Metz, 1838,'* and used by him in his various re* 
searches on friction and other important mechanical inquiries. 
Morin's dynamometer consists of two equal steel springs AB and CD, 
Fig. 107, of from 10 to 20 inches in length, and the force applied 
is measured by the separation which it produces between the two spring 
plates at M. In order to determine the force, for example, the force 
of traction of horses on a carriage, the spring plate JV is connected 
by a bolt with the carriage, and the horses are attached to the chain 
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JIf in any coQTeoient manner. There is & pointer on M which indi- 
cates on a scale attached to 
Fig. 107. JV, the separation of the plates 

produced by the force P ap- 
plied. Ifthespringsbeplates 
of uniform breadth andthick* 
ness, and be / » the length, 
b « the breadth, and h a the 
thickness ; according to Vol. 
I. § 190, we have for the 
deSexion corresponding to » 
force P: 

, PP , PP 

the deflexion increases as the 
force applied, and, therefore, 
a scale of equal parts ehould 
answer in this dynamometer. 
As the deflexion s of two 
springs is called into action, 
the amount is double of that 
of one of them, or it is 

PP 
n ^ , and, therefore, 

generally s _ i — P, if ^ be a number determined by direct experi- 

ment. If, before application of such an instrument, a known weight 
or force be put upon it, and the deflexion » ascertained, the ratio 
between force and deflexion may be calculated, and a scale prepared. 
It has been proved by experience that when the best steel is used, 
the deflexion may amount to ^g the length, without surpassing the 
limits for which proportionality between force and deflexion sabsists. 
The springs that have been employed by Morin and others are made 
itito the form of beams of equal reiutanee throughout their length 
(Vol. I. § 204), and have, therefore, a parabolic form, or thicker in 
the centre than at the ends. ■• 

Rtmark, Forcei do nol generally not unifomily, but are eontiniialljr changing, and 
ihereAire Ihe uuial object ii lo aacetlaia the mean rffhrt. Tbe inual index drnvnocne* 
'ten 011J7 give ihe force aa it hai acted at nme particular insisnt, oi onlj the tROiiiiiiiiH 
iffiirl. There is, therefore, extreme uncertainty in the indicaiirai of auoh djrnamometen, 
iiioHifled ai Ihey have been by M'Neill and oilien, when applied (0 mduuring the efibrt 
of horse* applied 10 ploughing, canal tractitm,&c. Morin bu oompleiely provided a^inat 
diia defect, by attaching 10 hia dynamometer, a wlf rtgiaiering apparatus, flcti auggeMad 
by Poncelel, (ece Morin'i work above quoted,) by which, in one caae, the foroa {01 each 
poiui of a distance paiaed over is regiitered in the form of a cur veil line, drawn on paper, 
and in tbe Other case, the focoe aa applied at each instant is summed up or inlagiaied 
by a machine Both appaiaiuses give the product of the fotoe into the disianca de- 
scribed, and, iherelbre, the mnm ^art may be produced when the imcJuuncal ifftd is 
dividpii by distance passed over — by a car»l boat, for example. 

Ill ilie ilyiiBtnomeicr with pencil and continuous scroll of paper, the measure of the 
force is marked by a pencil passing through Jf, till its point touches a scroll of paper 
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pMting onder it. Thi» aoroll )■ woind Ihnn Iha roller E, (Fig. 107.) to the roller F, 
which t* Mt in molioD by tarwls or wheel-work, bjr the wheels of the cnrriiige itaelfl 
When no fbree aru on tbe gprintit, ihe pencil would m>rk ■ straight line on ibe paper, 
inppoaing it Kt in motion; btii by application of a force P, the sprin^g are deSrcled, and 
Iherefbre a line more or len tortiiotia ii drawn by ibo pencil al a variable ditunce from 
die above allnded to zero line, bn( on the whole pamllel 10 il. The area of ibe apace 
between the two lines is tbe meaHire of ihA meGhanical eSeet developed hy the foice ; 
l<ii Ibe basis of it is ■ line proponional to Ibe dialauce paned over, and tJie height is 
itKlf proportional to the force that bai acted <□ bead the spring. 

§ 51. JVictUM Brake. — The dynamometrical brake (Fr.frein dy- 
namomStrique de M. Fnmy), is used to measure the power applied 
to, and mechanical effect prodaced by a reyolving shaft, or other 
rerolving part of a machine. Id itB Bimpleet form, this instTument 
oonsiflta of a beam AB, Fig. 108, vith a balance scale AG; and of 
two wooden segments D and EF, which can be tightened on the 
rcTolving axis C, by means of screw-bolts EH and FK. To raea- 
snre, by means of tnis arrangement, the power of the axis C for ft 
given number of reyolutions, weights are laid in the scale, and the 
aorew-bolta drawn ap until 

tbe sbaft makes the given Flit 10s. 

nnmber of revolations, and 
the beam maintains & ho- 
rizontal position, without 
support or check from the 
blocks L or R. In .these 
oircamstanceB the whole 
mechanical effect expend- 
ed is consumed in over- 

coming the friction between the shaft and the wooden segments, and 
this tnechanical effect is equal to the work or useful effect of the 
reTolving shafl. As, again, tbe beam bangs freely, it is only the 
friction F acting in the direction of the revolution that counter- 
balances the weight at G, and this friction may be deduced from the 
weigftts. If we put tbe lever CM of the weight G referred to the 
axis of the shaft « a, the statical moment of the weight, and there- 
fore also tbe moment of the friction^ or the friction itself acting witb 
die lever equal to unity ^ Ga, then, if 1 represent the angular ve- 
locity of the shaft, tbe mechanical effeot produced L^ Pv ^ Ga . t 
« « d G per second. 

If, again, u V the nnmber of revolutions of tbe shaft per minute, 

then t B — — _ %~ , and, therefore, the work required L =, !L~. G. 
60 30' ' ' ^ 80 

The weight G must of course include, not only the weight in the 
scales, but tbe weight of the apparatus reduced to the point of sus- 
pension. To do this, the apparatus is placed upon a knife-edge at 
D, and a cord from A attached to a balance would give tbe weight 
reqmred. 

• The friction brake aa represented in Fig. 109, with a cast iron 
friction ring DEF'iba convenient form of this instrument. This 
ring is fastened by three pairs of screws on any sized shaft that will 
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pass throngh the ring. For the wooden Begment an iron band ts 
substitated, embracing half the oircnm- 
*V 109, ference of the iron ring. The band 

ends in two bolts passing through the 
heam-AB, and may be tightened at will 
by means of screw nnts at H and K. 

To hinder the firing of the wood, or 
ezoessive heating of the iron, water is 
continaally supplied through s small 
hole X. This apparatus is known in 
Germany as "Egen's Friction Brake." 

Examph. To determine tbe mechanicat effect produced by ■ wuer wheel, m friction 
brake was placed on the ahaA, and whea Iha water let on liail been perfeotlj ngobied 
' for six levoliitions per miaute, the veight O including tbe rednced weight of the initru- 
•nent wu 530 lbs., the leverege of this weight was a ^ IO,S feet. From these (jnanti- 
tiei we dedooe the eSeol given affl^lhe water wheel to have been: 

X = Z sl -L °j^ . S30 « 3497 ft. lbs. « 8,3 horee power. 

30 ' ^ 

§ 52. In more recent cases, Tarious forme of friotion brake have 
been adopted, some of them very complicated.- The simplest we 
know of is that of Armstrong, 
Fig. no. shown in Fig. 110. This con- 

sists of an iron ring, which is 
tightened ronnd the shaft by 
a screw at B, and of a lever 
ADE with a scale for weight 
G on one side, and a fork- 
shaped piece at the other, 
which fits into s&agzs project- 
ing from the ring. There is a 
prolongation of one prong of the fork, by which the weight of tbe 
instrument itself can be counterbalanced, and which is otherwise con- 
venient in the application of the instrument. 

Navier proposed a mode of determining the effect given off at the 
oiroum ference of a abaft by laying an iron band round the shaft, 
attaching the one end of this to a spring balance, tbe other end being 
weighted, so that the friction on the wheel causes a resistance, in 
overcoming which only the required number of revolutions take 
place. The difference of this weight Q and that indicated by the 
spring balance P, is of course *» the friction F between the shaft 
and tbe band. If then p be the circumference of the shaft, and l^jW 
the number of revolutions per minute, tbe effect produced 

60 60 ^^ . •* 
When a spring balance cannot be obtained, a simple band, as 
shown in Fig. 1 II, is sufScient for tbe purpose, if the experiment be 
made twice, and the end S be fastened to an upright or other fixture, • 
first on the one side and then on the other of the shaft. In this way 
one experiment gives us Q — P + F, and in the other Q «« P, ■ 
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• 
becanse in the one case, the friction F acting in the direction of 
the rervolntion of the shaft, 

oonnteracts the weight ^'*- '"■ 

hanging in the soale on 
the end A, and in the other 
it acts with this friction. 
For this arrangement, need 
by the author in many ex- 
periments, the mode of cal- 
oolation already explained 
applies precisely. As the 

{tower has only a small 
STerage in this arrange- 
ment, it is only suitable for 
cases in wliich the effort 

exerted is Binall. The strain on the band may be mnltiplied by means 
of an unequal-armed lever attached at A, instead of the direct appli- 
cation of tbe weight in the scale. The author has successfully applied 
aleverage of 10 to 1 in this way. In order to avoid the objectionable 
increase of friction of the axle or gudgeons indooed by this appa- 
ratus, the band may be made to pass round the shaft, carrying the' 
one end upwards and the other down. 

Btmark. Egan tmu ol the diaereiil Torms oT dynamomFteri in his work, entilted 
" Uotenuchangen libei den Efiect ainiger Wawerwerke, &c^" and HCIsm, in anicle 
BremsdynBmometer in ihe " Ailgemeinen Uaichinenencyclopidie.'* Jamu While, of 
Msncliener, invented the rriclftn brake in 1308. See Hachette " Tnit6 elinianlure de« 
Madiinra, p. 460." Prony'a original paper it in tbe " Annaies dea Mine^ 1S2G. Thpr« 
■ra remarks on iU use in the writiogB of Poncelct and Murin, worthy artpnlion. W. G. 
ArmsUDDg'l paper ia in Ihe " Meclianio's Magazinp," voi. imil. p. 531, WeiabBch'i 
papers on iLe friction band, in the " Polyleuhnishea Cenlral Blall," 1844. 



CHAPTER II. 

OF AKIMAL POWER, ABD ITS BEOIPIBNT HACHINEB. 

§ 58. The Power ofAntTnali, — The working power of animals is, 
of coarse, not only different for individuals of different species, but 
■ for animus of the same species. The work done by animals of the 
same species depends on their race, age, temper, and management, 
as well as on the food they get, and their keeping generally, and 
also on the nature of the work to which they are applied, or the 
manner of putting them to their work, tc. We cannot discuss these 
different points here, but for each kind of animal employed by man, 
we shall assume as fair sn average specimen as possible, — that the 
animal is judiciously applied to work it has been nsed to perform, 
and that its food is suitable. But the working capabilities of ani- 
mals depend also on the effort they exert, and on their speed, and 

VOL. II. — 11 
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on the time during ▼hicfa tliey continue to work. There is a certain 
mean effort, HP^^^y ^^^ length of »hifl for which the w&rk done is a 
maximum. The greater the effort an animal has to exert, the less 
the velocity with which it can mOYe, and vice ver$4* And there is a 
maximum effort when the speed is reduced to nothing, and when, 
therefore, the work done is nothing. It is eyident, therefore, that 
animal powers should work with only a certain velocity, exerting a 
certain mean effort, in order to get the maximum effect; and it alsd 
appears that a certain mean length of shift, or of doy't warky is ne« 
cessary to the same end. Small deviations from the circumstances 
corresponding to the maximum effect produced, are proved by long 
experience to be of little consequence. It is also a matter of fact 
that animals produce a greater effect, when they work with variable 
efforts and velocities, than when these are constant for the day. 
Also pauses in the work, for breathing times, makes the accomplish* 
ment of the same amount of work less fatiguing, or the more the 
work actually done in a unit of time differs from the mean amount 
of work, the less is the fatigue. 

The main point to be attended to in respect to animal powers is 
the ^^ day's trorA;.*' If this be compared witn the 'daily cost of main* 
taininff the animals, and interest on capital invested, we have a mea- 
sure of the value of different animal powers. 

§ 54. The manner and means of employing the power of men and 
animals is very different. Animal powers pr^uce their effects either 
with or without the intervention of machipes. For the different 
means of employing labor, the degree of fatigue induced is not pro* 
portional to the work done. Many operations fatigue more than 
others; or what amounts to the same thing, the mechanical effect 
produced is much smaller in some modes of applying labor than in 
others. Again, all labor cannot.be measured by the same standard 
as is involved in our definition of mechanical effect. The work done 
in the transport of burdens on a horizontal road cannot be referred 
to the same standard as the raising of a weight is referred to. Ac- 
cording to the notions we have acquired hitherto, the mechanical 
effect produced in the transport of burdens on a horizontal road is 
nothing, because there is no space described in the direction of the 
force (Vol. I. § 80) exerted, that is, at right angles to the road; 
whilst in drawing or lifting up a weight, the work done, or mechani- 
cal effect produced, is determined by the product of the weight into 
the distance through which it has been raised. It is true, tiiat • 
walking or carrying fatigues as much as lifting does, t. e. the ^^ day's 
work" IS consumed by the one as by the other kind of labor; and, 
therefore, a certain day's work is attributable to the one as there is 
to the other, although they are essentially different in their nature. 
According to experience, a man can walk, unburdened, for ten 
hours a day at 4| feet per second (something under 8} miles per 
hour). If we assume his weight at 140 lbs. we get as the day's 
labor 140 . 4,75 . 10 . 60 . 60 - 23,940000 ft. lbs. 

If a man carry a load of 85| lbs. on his shoulders, he can walk 
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for 7 hours daily with a speed of 2,4 feet per second, and, there- 
fore, produces daily the quantity of work ■• 85,5 . 2,4 . 7 . 60 . 60 
■• 5',171000 ft. lbs., neglecting his oum weight. 

A horse will carry 256 lbs. for 10 hours daily, walking 8} feet 
per second, so that its day's work amounts to 256 . 8,5 . 10 . 60 . 
60 a 32^256000 ft. lbs., or more than 6 times as much as a man 
doing the same kind of work. If the horse carries only 171 lbs. on 
his back, he will trot at 7 feet per second for 7 hours daily, and the 
work done in this case is only 171 . 7 . 7 • 60 . 60 «• 80^164400 ft. 
lbs. daily. 

The amounts of work done in raining burdens is much smaller, 
for in this case mechanical effect, according to our definition, is 
produced, or the %pace i$ deteribed in the direction of the effort 
everted. 

If a man, unburdened, ascend a flight of steps, then, for a day's 
work of 8 hours, the velocity measured in the vertical direction is 
0,48 feet per second ; therefore, the amount of work done daily 
-> 140 . 0,48 . 8 . 60 . 60 -> 1'985000 ft. lbs. It thus appears that 
a man can go over 12^ times the space horixontally that he can ver- 
tically. 

In constructing a reservoir dam, the author observed 
that 4 practised men, rwed a dolly, Fig. 112, weigh- ^>& i^^* 
bg 120 lbs., 4 feet high 84 times per minute, and after 
a eftXL of 260 seconds, rested 260 seconds ; so that, on 
the whole, there were only 5 hours work in the day. 
From this it appears that the day's work of a man 

«1^. 4 . 84 . 5 . 60«« 1^224000 feet lbs. 
4 

Ramark 1. In the * Ingenieur,*' there is detailed iaformatioD od the work done by ani* 
imil power. In the sequel, the effiset produced by animals by aid of machines is given 
for aecb mflehine lre«peotiVe)y. 

Memark 2. The e&ct produced by men and animals is far from being aceuiately 
ascertained. The effect produced by men working under disadvantageous circumstances, 
or by unpmotioed laborers, is not one*half of that produced by well-trained hands. Cou- 
iomli^ in hie **Thtoie das Machines simples,'* first entered on investigations of the efiect 
of animal powers. I>esaguiliers (**Cours de Physique ezp^rimentale,"7 and Schulze 
(** Abhandlungen der Berliner Akademie,") had previously occupied themselves with 
^e subject. Many experiments have been made and recorded in more recent times. 
See Hachette, '*TndtA ^i^roentaire, &cV' Mbrin, ''Aide M^moire," Mr. Field in the 
** Tnneactions of the Institution of Civil Engineers, London," Sim's ''Practical Tunnel- 
ing,'' and Gersmer's "Mechaiiik," Band 1. 

S 56. JPormulae. — ^Effort and velocity have a very close depend- 
enoe in the application of animal power; bnt the law of their de- 
pendence is by no means known, and is still less dedudble d priori. 
The following empirical formnlas, given by Eoler and Bougner, are 
only to be considered as approximations. If iiTj be the maximum 
effort which an animal can exort without velocity, and e^ the greatest 
velocity it can give itself when unimpeded by the necessity of ex- 
tnmeons effort, we have for any other velocity and effort : 

according to Bouguer : P »» ( 1 J JST^, 




ac-'ording to Euler : Pm.h— — \ K„ 

Eoler:P-(l — L\V,. 

The firBt of these is the moat simple, and that which, according to 
Oeretner, coireaponds heet with obserTation, According to Schnlse'e 
observations, on the other hand, the last formnla appears to be most 
consistent with experiment. If we draw v as abscissa, and P as 
ordinates to a curve, the first formula corresponds to a straight line 
^B, Fig. 113, the second with a concave porabolio curve -^P^B, and 
the third with a convex parabolic curve ^P,B, and the ordinates 
^tP^ of the straight line always lie between tie ordinates JtfP, and 
MP^ of the two parabolic curves. The abscissa OM, for example, 
— w I c, corresponds to the ordinates MP.'^l ^ ^ i OA, also 
MP,^i K~i OJ, and MP -{K— \0^. 
The formula of Bougner, theren)re, gives values 
of the e^ort which lie between the values given 
by the two formulas of Euler ; and we may, 
therefore, make use of Bouguer's formala until 
some special reason for adopting Euler's for- 
mula be adduced. If we introduce into Bou- 
zuer's formula, instead of the maximnm values 
A, and Cj, the halves of these, or their mean 
values K—^ K^, and <:*} c^, we get a formula first applied by 
Gerstner : 

and inversely, v — ( 2 — -^ )<?• Although this formula can be but 

little depended upon as accurate for extreme values of v and P, yet 
it may be presumed, that for values not very difi^erent from the 
mean, they are sufficiently near for practical uses. The mechanical 
effect produced per second would follow fi-om this: 

Pv^h—-\vK. ABh — -\vK^{2e—v)v-, 

the mechanical effect is a maximum, as in Vol. I, § 386, when v—i c, 
at when P^ K,or when the velocity and effort are mean values, 
1. e., Pv V Kc. If we try to get a greater or less velocity, or a 
greater or less effort, we get an effect L— Po less 
Fig. 1 1*. than Kc. If we set off the velocities as abscisses, 

and the amounts of mechanical effect produced aa 
ordinates, we get as the projected curve a pam* 
holtkJlDB, Fig. 114; audit is evident that not 
only for abscissa ^M < ^C, bat also for ^M, > 
BC, the ordinates MP, M^P^, are less than for 
the&becissa^CB^. For v ^ - , as also for tr — | 
e, it follows from the above that L^ ^ Ke^ ^ CD. 
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According to Gentner, the following table represents the draught 
of. animals applied properly to draw by traces. 







MeaD ef- 


Mean tpeed 


AnimaJs. 


Weight. 


fort JTia 


€ in feet per 






iU. 


' aecond. 


Man . 


150 


30 


2,5 


Horae . 


600 


120 


4 


Ox . . 


600 


120 


2,5 


Am . . 


960 


72 


2,5 


Mule . 


500 


lUO 


3.5 



HourBk 



8 
8 
8 
8 

8 



Effect pro- 
duced p. sec 
in ft lbs. 



75 
480 
300 
180 
350 



Dailjr effect 
feet lbs. 



2' 160000 

13'824O0O 

8'640000 

2/184000 

10^080000 



Extm^ 1. AooordinfT to tbe above table, a man working with an efibrt of. 30 Ibe., 
and mean velocity of 2} feet per second, produces in a day an amount of mechanical 
effect represented by 2' 160000 feet lbs. If he be urged id work at 3 feet per second, 

the eflbrt will be reduced to Pai ^2 ^^ 30 » 24 lbs., and his daily effect would 

only be 24 . 3 . 8 . 60 . 60 as 2^073600 feet lbs. 

JEaoampk 2. If a horse be obliged lo draw with an e^rt of 150 lbs., it can only be 

done with a velocity v ms f 2 — -^ } 4 as 3 feet per second, and thus his effective 

work is reduced to only 3 . 150 ^ 450 feet lbs. per second. 

Ramark, Fourier, in the Anmdet da P<mii et Ckauttdeg^ 1836, gives a complicated for- 
mula icx the effect produced by horses. See also Crelle^s Journal dor BatihmtL Band 
xiL 1838. 

§ 66. Work done by aid of MaehifUM. — If we follow Gerstner's 
notion, that the period or time of each Bhift^ or day's work, has the 
same influence on the amount of work done as the velocity, we must 
then pat for the effort: 

and from this we get the daily effect produced: 

There can be no doubt that the effect produced is a maximum, 
that is» Kct^ when the animal is made to work, not only with a 
mean velocity and effort, but also when the time of work is kept 
within the mean for this. It- is to be kept in mind, however, that 
this formula only applies when the values of v, Zj and P do not 
differ widely from c, t, and K. 

M. Maschek, of Prague, recommends the expression: 

which is certainly more convenient for calculation.* 
Eight to ten hours per day is a good average day's work, and, 

therefore, the factor f 2 — > ) may generally be neglected, or the 
day^s effect may be written £«» [ 2 \ Kv z. If, however, an 



* Nene Theorie der raenschiichen and thierischen Kr2Lfte, &c., von F. J. Maschek, Prag. 
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animal be applied to a machine, its effort P would be divided into 
an effort Pj for doing the work, and an effort P, for overcoming pre- 
judicial resistances, or Ps P^ 4. P^ both resistances being reduced to 
the point of application of the effort. It is also usual, as we shall 
learn in the sequel, to find the prejudicial resistances P, composed 
of a constant part R^ independent of the strain on the machine, and 
a part a • P^, proportional, or nearly so, to the useful effect produced 
or work done, where a is co-efficient derived from experiment, thus 
P,«« il + a . Pj', and, therefore, 

P-(l + a) Pj+B; andagain (2 — -) jBT- (H-a) Pj-hil. 

The total effect produced per second is, therefore, 

Pt;-/2 — -)jBrt7-(l + a)PjW + flt;. 

and, therefore, the useful effect produced: 
{2K—R)v—— 

l + « L\ KJ J (l+a)c^ 
That this effect may be the greatest possible (see previous para- 
graph), we must have v « J(2 — j^\ c ■■ M njA^^ ^^ ^^^ ^®^^" 

city less than the mean velocity; and so much the less, the greater 
the constant part of the prejudicial resistance is. The effort corre^ 
spending would be, according to this : 

or greater than the mean effort. The useful resistance, on the 

other hand, is Pj « -~ . The total effect produced is : 

1 -f" ^ 

Pv « Fl — ('nin I ^ ^j *^^ ^^^ useful effect produced is: 

(11 Y 2 Vp 
1 — o^) 3 J aiid the efficiency of the machine: 
2A / 1 + a 



V 2k) 



" T+1 — 

Exampk. If in a tnacbine turned by two horses, the ronttoMt prejudical resistatk^ re- 
duced to the point of application of the horses' effort «i 60 lbs., the velocity at which 
the horses should work when JTss 2 . 120ss*240 lbs., and c as 4 feet, is redoeed to o 

■■ ( 1 — T^) <^ «« I . 4 =r 3,5 feet Further, the effort of the horses as 240 + ?2 
\ 4bO/ 2 

«270 lbs., and, therefore, that of one horse = 135 lbs. If, now, the constant part of 
prejudicial resistance be 15 per cent, of the useful resistance, then >bs0,15, and, there- 
fore, the resistance to be put on the machine P. 8 ^^0 -^ 30 ^ ^g^ 5 i\^ and the effi- 

1,15 
ciettcy of the machine would be w(})*-4- 1,15 b 0,67. 
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Stmark, Graatnoi radnoei ilie colculaiion at ihe tBeot of uudibI power lo muiioa on 
sn inclined pUne. If G be llie weigbi or ihe animal, P the eflbn EXerieJ, ami a ilie 
angle of inclination or Ibe inclined plane, npon which the moving power ascends witli 
iu load, then the eflbn is P-f- O m. a (see Thtarj/ of Irulmid Ftatit, Vol L S 134), ami 
hence / 3 — 1 j JT— P-f- G im. ■. Hence, we have the load with which nn animal 
can aBcend an inclined plane, end, conversely, the jnclinalion coireipoading lo a given 

load, Tis.: Mn. ■ bb ^= , thus when PaxO, and ti^c, or when the anlinal 

haa no reaistance to overcome, and goes with the mean velociij* na. ■ ^ But, the 

weight oCan animal is almost always five times as great ai the meaneffon It can exeit, 
tbeielbie Jin. »^j and a^ 11}° is the angle of inclination oTa plane which an animal 
ran ascend with ibe mean amount of exenion and fbiigue. This mrrespond* lo a rise 
of one fool in five feet, or nearly so. 

S 57- The Lever. — Animal powers are ftpplied to work by meaoB 
of the lever or the wheel and ude. The latter are either horizontal 
or vertical. We shall first speak of 
the lever as a machine for receiviDg 
(and transmitting) animal power. The 
general theory of this machine is known 
from Vol. I. §§ 126, 127, and 170. 
The lever is either single as ACB^ Fig. 

116,ordouble,8S^C5^„Fig.ll6; the j) 

one b«8 only one arm for the applica- [ 

tioD of the power CA, whilst the other fQ 

has two arms Cv9and Cli,. The lever 

produces an oscillating circnlar motion, and is, therefore, chiefly 
applied, when a reciprocating up and down motion is desired, as in 

Fig. 118. 



pnmping. Handles, suited to the number of hands to be applied, 
are affixed to the lever. As the strength can be better exerted in 
pulling downwards than in lifting upwards, it is usual to make the 
dovm-ttroke the workinff-atroke, and counter-bninnces are attached so 
as to <ud the workmen in the upstroke, or the double lever is used, 
on which the workers alternately pull downwards. When the down- 
stroke is the effective stroke, ropes, hanging from the end of the 
lever, are frequently substituted for handles. Levers are sometimes 
moved by the tread of the feet. 

That there may not be too great a change of direction during a 
stroke, the lever's motion is confined to an arc of not more than 
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60*^, and, in order to facilitate the exertions of the power, the space 
paSBed through at each stroke is kept proportional to the length of 
arm of the workers, or at from 2^ to 3} feet. Anin, the handles 
should not come within from S to 8} feet from the floor. According 
to experience, men work 8 hours per day, exerting an effort of k 
^ 10,7 lbs. on the end of a lever, with a velocity c v 8,5 feet. 
Therefore, the mechanical effect produced by a man applied to a 
lever, as in pumping, is per seccfna: L mm 10,7 . 8,5« 37,4S ft. lbs., 
and, therefore, the day't work 

- Kct - 87,45 . 8 . 8600 - 1'078560 ft. Iba. 

In putting up a lever, it is necessary to take care that the work> 
men shall be applied so as to exert the ascertained mean effort with 
the mean velocity; or rather, that the effective effort shall exceed 
the mean effort by only one-half of the constant pr^udicial resistance. 

The lever itself is subject to only one pr^uoicial resiatance, viz.: 
the friction of the fulcrum. If A be the pressure on the ^Icntm 
aridng from the weight of the lever and from the effort and resist- 
ance, r the radius of the fulcnim,ythe co-efficient of friction, and a 
the leverage C^ of the power, then the axle friction reduced to the 

point of application of the power F^i-R; as, however,y) and also 

- are generally small fractions, /'is so small that it may be neglect- 
ed in most cases, compared with the other reustances. 

If we suppose a useful resistance Q and a prejudicial resistance 
a Q -t- TT acting at the point B, and if we put the leverage CB of 
these resistaDcee— b, the moment of the effort becomes: 
Fa — [(1 -^ <) Q+W] &, and, therefore, the effort itself: 

i> «. - [(1 -H S) Q -I- n^* But, that the power of men may be most 
advantageously applied: P ^ K + - . — and, therefore, -K 



a (l + j) Q + IW. , , , , 

_ _ i — ! — '—^J-£ — IS to be employed. 

p. I . - Rtmark. The arma of llie levee sre vatm- 

B' ■ Ug 10 ■ certain extent (luring tiie stroke, and, 

ihetefore, it may be w«ll to deteioiine the 
BdMNint of ibii vatiatkKi. 

ir the arm CB, Fix. 1 H, be borizoiiial at 
■he kalf-Unihi, and U ihr angle fi,Cfi, psMed 
tbraugb in a uroke^tf", tlie height llirough 
whksb the teeiitanoe ia overcome t^J^J^ 

^a btm. _, and, tbererore, the mechanical 

2 
effect produced or expended in one Mroke 

^3iaH._ . Q. If, bowever, tha resiit- 

2 
BDce were coohbdi during the Itioke m a 



WINDLASS. 129 

Icvemge CB a* 6, the space passed over at earh stroke would be ^ arc B^BB^ ^^Bh^ and, 

2 * sin. 1 

therefore, the resistance would he ^ Qsl-— -^ . Q, and the statical mo- 

Bb B 

ment ^ ^ Q 6. Conversely, we may assume that the resistance Q acta during 

a stroke on the mean length of arm ^**"*'*^.. For 0^ » GO® this lever » L__ 

j9 arc. 60® 

b: asB 0,955 h. or not quite 5 per cent less than h. and for smaller arcs of oscilla- 

J,0472 

Vion, the difierence is still much less. 

Example. What proportion of arms should be chosen for a lever, that for a useful re- 
sistance of 160 lbs. and a prejudicial restisinnce Q,8s0j5 Q4. 55 as 0,1 5. 160+55 
v79 Ibe., four men may work to the best advantage ? JTca 4 . 10,7 bb 42,8 lbs. there- 
fore - -« 1»15. 160+^55 ^ 2n5 ^ ^^ j^ ^j^^ resistance passes through 1 foot for 

b 42,8 4W8 

each stroke, the power must at the same time pass through 4,0 feet, and if we take 

the angle of oscillation j9ni50®, we get for the suitahle length of lever bxa 

2«n.- 
2 

0,5 



jB 1, 183 feet,andthelength of arm asBs 4,9. 6a84,9 . 1,183 = 5,80 ft. The 

tff9rt necessary is Pssl— ilZ2s48,78 lbs., therefore, the effort of each man ss 

4,9 

12,195 Iba, and the efficiency 

, ■■ A 5£_Y» (^—^^^^^9' « 0,667. We see, therefore, that four men 

V 2 . 4 ,9 . 42,8/ 1,15 

1,15 
capable of a day's work each » 1'075860 f). lbs., or 4'303440 ft. lbs. in all, woukl only 
produce 0,657 . 4^303440 aa 2^800000 feet lbs. vtrful efftct with this machine. 

• 

§ 58. WindlasB. — The best means of applying the power of 
men, is the windlass (Fr. treuilj tour; Ger. Gospel). This machine 
consists of a horizontal axle, at the circumference of which the re- 
sistance acts, and of a crank, handle, or 
mnchy Fig. 118, or series of handles on ^'S- 1^^- 

a wheel, Fig. 120, or of fixed or mova- 
ble levers (hand-spikes). Fig. 119. With 
the winch, the laborers have a continu- 
ous hold throughout the revolution, 
whilst with the wheel or hand-spike, the 
action is hand over hand, or otherwise 
at short intervals. The winch is the 
form used for general purposes. The 
iriieel is applied principally in working 
the tiller on board-ship, and the movable levers are chiefly used for 
weighing anchor by means of the capstan. 

That a laborer may produce the best effect by means of the crank- 
handled windlass, the length of the lever must not be more than 
from 16 to 18. inches, corresponding to the length of arm of the 
laborer, and the axis of the barrel must not be more than 86 to 39 
inches above the floor on which the laborer stands, for men of average 
height. The handle of the windlass is adapted for one, two, or more 
men, according to circumstances. As a man can work with less 




fatigue while pnehing and preeeing, than while lifting and polling, 
the effort required at each point of a revolution of the handle is not 





equal, and, therefore, it is well in donble-handled windlasBes to set 
the handles 180'^ apart, and, when more handles are applied, to dis- 
tribute them equally. 

The day's work of a man working a windlass has been found to 
be 1'175040 feet lbs. with a mean effort K~ 17 lbs., and mean velo* 
city ck 2,4 feet, and length of day 8 hours. The calcidations for 
the vindlaBS are the same as for the wheel and axle. 

If the resistance Q, Fig. 121, act with the lever CB ■■ b, and the 

power P on the lever C«3 ■■ a, then Pa « Q4 ; 

* ^^'' and, therefore, the power corresponding to a 

given resistance is P « - Q. If, ^ain. If be 

a 
the pressure on the joumaU or gudgeont and 
r the radius of the gudgeons C£,~then Pa^ 

Qf>+fDr, and hence P - ^ Q + - ./J). If 



fB, consist of the uBeful resistance Q„ the 
constant prejudicial reaietance W, and the vajiable pngudicial resist- 
ance » Q, or, Q- (1 + 8) Q, -I- r, then P - ^ [(1 -i- e) Q. + »»1 - 

W 

2-' 
radius should be: ^-^-i^I^ii-?. But as the winch has a 

prescribed height of 16 to 18 inches, the leverage of the resistance, 

or radius of the barrel is to be determined by this, vis: 

( _ _ -■ ° ^ in order that the Uborer may work to the 

greatest advantage. 

Exai^k. On a two^udled windiM* th« tM>Mane« ia 900 Ibt, viz. : IW lbs. of um- 
Ail rciitwnce, and 30 IbL conuaDi, and 20 Ibi. variable prejudicial neiilanM. The 
leveiai^ of the retiitaoce i« 4 inches, thai or the power Itj incbei, the ladiu* of the 
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journal i inch, the oo-efficient of IKction /aasO,!, and the weight of the barrel., &C., 80 
lbs. ,* required the useful effect of such a machine. The whole power required, if the 

presmireontbe journals be taken 200+80 aaB 280 lbs., is Psd. . 200-|-0,l _! — *. 280 

IV 2 . lo 

■B 44,44 4- 0,5 44,94 lbs., and, therefore, the eflbrt of each laborer must be 22,47 lbs., 

and, according to Gerstner's formula, the velocity of the power, or of the handle of the 

windlass : v 



r 



Wi 



^3 — '^^csa(^2 — ^^^ . 2,4 aaB 1,628 feet, and that of the resistance : 
^ . 1,628 8x0,362 feet, and the useful effect per second : 



a 
— V 

b 



Q,ioa> 0,362 . 1509 54,3 feet Ibe., and daily as 1,563840 lbs., and the efficiency of such 
an application of the power of two laborers, the day's work of each of whom is assumed 

to be 1,175040 : • »i!55!?.12.« 0,665. 

2,350080 



Fig. 122. 




§ 59. Vertteal Oapitan. — 
When the axis or barrel of 
the windlass is yertical, it is 
termed a eapstan, Fig. 122. 
It is chiefly used on land 
for moTing great weights a 
short distance, or for remov- 
ing great weights, as blocks 
of stone from a quarry, or 
for the erection of obelisks, &o. Its nse on board-ship is well known. 

The hor$e-cap9tanj in its different applications as the prime mover 
of mill work, or as a whim^gin^ as it is termed, by miners, is a modi- 
fication of the windlass 

easily comprehended. The ^'«- ^2^- 

cattle employed in working 
the vertical windlass or gin^ 
go ronnd in a eiven path, 
poshing or palling at the 
arm of the machine. Fig. 
128 shows the nsnal con- 
itmction of the whim-gin 
(Fr. hariUl d ehevaux ma- 
nige; Ger. PferdegCpely 
Eanda&pel). BO is the 
axis, having a pivot at 
resting in tkfooUtepy ACA^ 
is the double arm or lever, 
with fork-shaped nhafts G, 
Gj. These cross the backs 
of the horses, and the harness is attached to them. The resistance 
Q acts at the circumference of a barrel or drum, or toothed wheel 
£, either directly or indirectly. The length of lever is made as great 
as conveniently can be done, that the animals may have the largest 
possible circle to move in. The radius should not be less than from 
20 to 80 feet. The line of traction must be as nearly horizontal as 
possible, and, therefore, the height of the lever should be fixed, 
according to the height of the animals working on it. By the ar- 




._,-J._J 
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rangement shown in Fig. 12S, the horses or other cattle work' very 
nearly at right angles to the beam or lever ; but if the horses be 
attached by traces to a cross bar and hook, the direction of traction 
makes a certain angle with the beam, becoming, in fact, & chord 
of the circular path. 

From the length of beam C^^a, Fig. 124, and the length of 
traces ^D — d, the length of levers of the 
FiK. 134. horses is : 

CJV~ 

\ 4' 

It is a re- 

oa 

suit of experiment, that a man can work eisht 

hours daily on the beam of capstan or gm, 

exerting an effort of 25^ lbs. at the rate of 

1,9 feet per second, and can, therefore, pro- 

duce a day's work - 25.5 . 1,9 . 28800 -1'395360 feet lbs.; that, 

on the other hand, a horse working on a gin for 8 hours daily, with 

a speed of 2,9 feet per second (a walk) can exert an effort of 95 lbs., 

or produce a day's work = 95 . 2,9 . 28S00 — 7'934400 feet lbs. 

The power is to the resistance, on the capstan or ^n, as for any 

wheel and axle, < 

of the resistance Q, and power P respectively. The Mictions at the 

footstep and at the periphery of the pivots at top and bottom have to be 

considered ; for these require an increase of the power. If G be the 

weight of the gin or capstan complete, 

Fi«- iss and r, the radius of the pivot, the statical 

moment of the friction on the footstep >> f 

/ G r,, (Vol. I. § 171.) The point of ap- 

plication of the resistance B, Fig. 125, 

generally lies nearer the one pivot, than 

the other, and thus the pressure on the 

two is different, and their dimensions are, 

of course, proportional to the strain. 

If the point of application of the resist- 
ance be at the distance BO ~ l^, from the 
pivot 0, and CB — ^ from the pivot C, and if the whole length of 
the upright shaft CO ~ I ^ l^ + I,, then the pressure on the lower 

pivot D^^jQ, and the pressure on the upper pivot D, « -' Q, as is 

manifest if we first consider C and then 0, as the fulcmms of the 
lever CBO. Thus, the sum of the statical moments of the lateral 

friction on the pivots ^/D^Ti +/ 0,r, — *"' * "^ *''^' ./Q, and the 

equation of equilibrium for the gin, is 
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lUmaik 1. Th« aj^licadoti of ihe icMMfm, Fqi diawing from minei, ii Irealad of in 
the third leciioQ. 

Simarli 3. Frrncb authors anett that a horse, going at a trot, cat) work dailf 4 j hnirf, 
cieitingan eflbri of 30 kibig.^eS lb*, at a ipaisd ofS tnetra^fl^ TaM, and, IheTefore^ 
can piodnoe a ihf't work of 7'0S5000 fart Iba. If wa appljr (•erMner'a formala, aail 
put fviao Ibi^e— f feet,v~e,e fori, t»B boort, antl iib4} hour*, we (tM the 
pawarP>-(9 — H^ (•i—it\ . 130at60 Iba^ and, Ihenfora, the dajr'a wotli~60 

.S,S.4,5.3600>-e'415300 f«et ]I>., or preitf noiTly the reaull atlixM to. If, how 
erer, we take the vekieiljr 9,0 feet of a wnlk u ibe basU, we gel by Gersuier'i formula 

a mooh greani eflbrt, viz : ^3 :_j.l30— 133 tba^ bihI, dierefom, the iJ»]r'i work 

(S boon) m, 13'7TfiS<I0 Ibi. 

§ 60. Tread-tcJieeU, or Tread-mills, — The v«ight of men and 
cattle is sometimes nsed &8 the moving power of machines, the effort 
being exerted hj climbing on the periphery of the wheel. The 
wheels consist of two erovnuy connected with an axle by arms, and 
with each other by a fiooring. The laborer treads either at tho 
internal or on the external circumference, cross pieces, as steps, 
b«Dg prorided for his steadier support at intervals of 1} feet. Figs. 

Fw- ise. Fig. 137. 



126 and 127 represent the more nsoa) constmctiou of tread-millst 
fig. 128 is a construction of wheel 
analogous to an endless ladder, but F'«- 151 

is not mnch nsed, Od it, the laborer 
is placed at the level of the axis, ao 
that his weight acts entirely, and with 
the radius CJI — a surpassing that 
<lf the wheel itself. In tread-mills 
the laborer is placed at an acute angle 
ACK^a from the summit, or the 
btrttotn of the wheel, and, therefore, 
the leverage of his weight G, is less 
than the nidius of the wheel CJi^ a, 
vii: CJV- a - CA «n. O^JV- a 
tin. m. But then the fatigne of the 

laborer on the endless ladder is greater than on the tread-mill. la 
VOL. II. — 12 
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tbe former cue, it is the effort necessary to monnt a verticftl ladder; 
in the other, it is that for going ap an inclination nven by tbe tan- 
gent AT, making the angle TJH— CAJf mm a. The eSbrt P in the 
case of the ladder is, therefore, G, while in tbe tread-mill it is (7 
tin. a. If the resistance Q act with the leverage CB « 6, then for 
the ladder-wheel Ga ■> Q^, while for the tread-mill Ga tin. a w Q6, 
by aubstitnting the power or effort, as in the wheel and axle ; Pa— QA, ' 
Mathematically considered, therefore, the tread-mill gives no ad- 
vantage over the vindlaas or capstan ; bnt the laborer can produce 
a mnch greater day's work by the one than by the other, and, there- 
fore, they are often advantageously employed. The applioatioa of 
four-footed animals on these wheels is inoonvenient, and not advan- 
tageous in any point of view. 

It baa been deduced from experiment that a man can work near 
the centre of tbe wheel, t. e., near the level of the axis for 8 boure 
duly, ezertins an effort of 128 lbs., and going at 0,48 feet per 
second, while lie can work for tbe same time, exerting an effort of 
25^ lbs., and going at Z^ feet per second, when his position is 24° 
from tbe vertical. In the one case, the day's work amounts to 
1'769000 feet lbs., and in the other 1'668000 feet lbs. Horses and 
other cattle produce less effect on such machines than by means of 
8 gin. A part of the advantage arising from the use of tread-wheels 
is lost in tbe increased friction of their axles beyond that of wind- 
lasses or capstan. If n G be tbe weight of the laborers, G, the 
weight of the machine, and if tbe resistance Q act vertically down- 
wards, the pressure on the journals i) — n G -I- G, -|- Q, and if r be 
the radius of the journal, the moment of friction «■/"(« G+ Gj-(- Q) 
r, and the ratio of power to resistance is : n G a «n. » ™ Q6 -^-j 
(n G -t- G, -H Q) r. 

If the resistance be given, the angle of ascent may be determined, 
viz.: 

m- - <"+/'""+ ".+ '»'- , 
nGa 
or the nnmber of laborers 

G{atin. » — fr) 
Men work to the greatest advantage when their effort: nP — nG 
Fid-m. nn.. — B^-l-- ^ ■ 



C^-Vf} 



+ G. 



§ 61. MwahU Inclined Planet. — ^For 
farming purposes, in breweries, &o., the 
arrangement sketched in Fig. 129, is 
sometimes applied. Tbe horse «r ox 
works on such an inolined plane for short 
spells. The machine bas this advantage, 
that the animal may be left without « 
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driver. The action of the animals is in every respect the same as 
in tread-mills, when they work near the horizontal radios. The 
machine consists of a shaft BO, the azis of which is inclined 20^ to 
25^ from the vertical, and of a plane, from 20 to 26 feet in radius, 
set at right angles to the shaft, and, therefore, having an inclination 
of 20^ to 25^ to the horizon. If the animal moving the machine 
work at a distance. C/9 Ma from the axis of the shaft, and if the 
angle of inclination of the plane, or the inclination upon which the 
Mimal may be supposed to be moving a «, then the power P^ G 
«tn. o, and, therefore, the moment of rotation » Pa «■ Ga rin. a. 

If the resistance be applied with a leverage 6, its moment is Q 6; 
and if 6, be the weight of the machine when in work, and r be the 
radius of the pivot, tne moment of friction on the footstep «}/( 6 
;4- 6,) C09. a . r, and the moment of friction on the periphery of the 
pivots «y (G+ Gj — Q) 9in. a . r; because the weight G+ G^ re- 
solves itseli into the components (G + G^ cos. a, in the direction of 
ihe axis, and (O -|- Gj) sin. o^ ^ the direction of the inclination of 
the plane, whilst Q acts in the opposite direction to this latter. 
Whence follows 

G a 9in. a— Q {h-^fr sin. a) +/{G + G^) (f eas. a + sin. a) . r. 

Mxampk. How nmny n^en are reqaired to be pat upon a tread-mill of 20 feet diame- 
ter, in order to raiae a weight of 900 lbs., acting with a leverage of 0,8 feetf If we 
estinoate the weight of the wheel, and its load at 5000 Ibs^ and taking the radius of the 
pivot at 2^ inches, and the co-efficient of friction at 0,075, then the statical moment of 
the resistance ■■ 0,8 . 900 -f- 0,075 . /, . 50U0 as 720 + 78 s 798 feet lbs., and, therefore, 

798 
the power at the circumference of the wheel ^ — ^ 79,8 lbs. A laborer placed 24^ 

back ftom the summit of the wheel, exerts an effi>rt of 25} lbs., and, therefore, the num- 

79 8 
her of men required is J-^ ss 3. These men could produce 3 . 1663000 mt 4989000 

25} ^ 

feet lbs. per day of 8 hours, and, therefore, they could raise the weight Q daily through 

4989000 

^yoww ^ i^g^ ^^^ j^.^^ . ^^ supposing the load had to be raised only 200 feet highi 

vuu 

5980 
the three men could raise !^---. aas 30 times 900 lbs. to the height of 200 feet. 

200 



CHAPTER III. 

ON COLLBCTING AKD LBADING WATER THAT IS TO SERVE AS POWER. 

§ 62. Water*e(mduits. — ^Water that is to serve as power (Fr. Feau 
motrice; Grer. AvfsehlagewiMsser), to be applied to machines^ is col- 
lected from streams and rivers, or from spnngs. In most cases the 
machines have to be erected at some distance from the point at which 
the water can be collected, and must be led to the machine in what 
is termed the lead or Ut€y or water^onduity or tcater-eourse. 

The lead maj either be an open channel or canal (Fr. candles, 
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rtgoles), or it may be a close pipe (Fr. tuyaux de eonduite; Ger. 
Jtlfhrmleitungen). Pipes are best adapted for smaller qaantities of 
water. Tbej have this great advantage, that they may be led in 
any way within the hydraulic range of variation of level, whilst 
canals as letes, must have a continuous fall. Valleys and hUls may 
often be passed by pipes without trouble or expense, while the open 
channel requires the cutting of drifti or ttmneiij and the erection of 
4iqueduet8. 

§ 68. Dam$. — The vi» vwa of running waters, of brooks and rivers 
having velocities of from 1 to 6 feet per second, is seldom sufficient 
to allow of their direct application as power to drive machines. To 
increase the vi» vwa, or to bring the weight of the water into action, 
it is necessary to dam it up to create a head or fall (Fr. ehute; Ger. 
Q-efdUe). Water is dammed up by tretn , danu^ or har$ (Fr. barrage$ ; 
Ger. Wehre). 

Weirs are either overfall tmrt, or they are sluice weirs. Whilst 
in the former the water flows freely over the saddle-beam eiU^ or 
highest edge of the weir, in the latter movable sluice^boards dam the 
water above the summit of a weir, which may be either natural or 
artificial. The overfall weir is usually laid down with the view of 
constraining a portion at least of the water of a river or stream to 
«nter a side canal above it, or a lete by which it is conducted to the 
machine by which the power of the water is to be applied; and the 
sluice weir, is used when the object is to get an increased vis viva to 
the water, which is then directly applied to a machine immediately 
below the weir. 

In large rivers, dams are frequently built to occupy only a part 
of the width of the stream. These dams are termed ineompUte wiers, 
in contradistinction te eemplete weirs, which are laid from side to 
side of the stream. The piers of bridges are examples of incomplete 
weirs (Fr. barraae discontinus; Ger. Liehte Wehre), contracting 
the passage for the stream to a certain extent. 

Overfall weirs, too, may either be complete or imperfect. The 
summit of the complete overfall rises above the surface of the water 
in the part of the stream below it, whilst the top of the incomplete 
weir lies below that level, so that a part of the water flowing over 
undergoes a resistadce from the water beloto-weir. 

§ 64. Swellj or B^iek-water. — ^Any of the constructions we have 
above alluded to, dam back the water, produce a sweU above the 
weir, an elevation of the water's surface, and, therefore, a decrease 
of velocity. The height and amplitude or extent backwards to which 
this rise of the water surface extends, is a matter important to be 
determined with reference to the dimensions of the weir. 

A knowledge of this relation between the weir, and its effects on 
the river above it, is not only necessaiy because by damming up the 
water too high, we should involve the district above iu floods to which 
they had not been previously subjected, but we may interfere with 
other establishments, robbing them of a part of their fall, by throw- 
ing back-water upon them. The level of the summit, of w^rs is often 
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fixed b; law or prescripUoa iccording to a atandard peg, or mark ; 
any alteration of which is an offence liable to penalties (see, in refe- 
renoe to the English law on this subject, " Fonblanqne on Equity"). 
The peg generally haa a fcole attaehed to it, by which the supply of 
water may be read off at a glance. 

The water flowine orer an orerfall, or through an inoompletei 
weir, aoquiree a waving eddying motion, the action of which is rery 
severe on the bed of toe river immediately below the weir, so that 
particular arrangements have to be made in the erection of weirs to 
withstand this action. 

The quantity of water contuned in or flowing through streams or 
rivera, is different at different times, so that we nave the expressions 
/«ZI, average, and dry, applied to the tUUe of rivers, corresponding 
in Britain, to winter, autumn, and summer, though not very definitely 
fixed as to the particular period of the seasong. It is evidently ne- 
cesoary to have accurate information as to the mean supply of water 
yidded by a brook or stream, proposed to be applied as water power. 
The state of the stream in autumn and spring may be taken as the 
nuan tttUe, but for any important undertaking of tluB oatare a series 
of hydrometrical iJbservationB should be instituted, that the question 
of the supply of water may be accurately determined. Any one of 
the methods discussed in Vol. I. % 876, &c., may be adopted for this 
purpose. 

§ 65. Conttntttion of Wein. — For obtaining water power, the 
ovtrfiM weir ie the most important means. Weire are built either 
square across the stream, or inclined to the axis of it. They are 
often built in two parts uiclined to each other, the angle, which is 
laid np^tream, being rounded or not ; they are formed as polygons 
also, and as segments of a circle, the convexity being alwavs turned 
U> the stream. 'Weirs are built of wood, or of stone, or of both com- 
bined. They have frequently to be founded 
on piles, from the difficulty of getting a 
sound foundation. The cross section of 
wooden, or other dams, is more or less of 
the form of a five-sided figure ^BCDEy 
Fig ISO, in which ^B is termed the breatt, 
BC the front glope, CD the apron, DE the 
baek, and £^ the sole, and C the saddle or 

eill. The cross section of stone weirs is generally composed of 
curved lines, as regards the apron and back, the object being to 
get the ntsh of water smooth- 

fy away from the foot of the ^'"^ ' ^'■ 

apron, so as to prevent corro- 
sion in time of floods. 

An overfall weir, snoh as 
is represented in Fig. 131, 
consists of a row of piles D, 
going across the strenm, and 
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a walling-pieoe, or %adtUe-beam C on the top — of mlling £ in ^nt 

of the piles — a. ftecond row of piles F farther down-fltream and 

parallel to tbe first— of a casing of hard laid pavement G, between 

the two, and which is coo- 

F1|t i3t. tinned onwards with the 

same cnrvatnre, forming an 

apron (which shonld be 

continued so that it turns 

slightly upwarda). The 

weir in Fig. 182, shows 

the manner of founding on 

piles, tbe intervals between 

the piles being cleared out 

as far as possible, and rammed with concrete, and upon this the 

saperstractnre is raised. 

The construction of wooden wiers is sketched in Fig. 1S3, JlB 

Fir 133. 



is a wall of beams, lying tight, one on tbe otbei*, on the top of 
which comes the saddle-beam ^. These beams are confined by a 
double row of piles CD and C,Dj, and the piles EF and GH, driven 
as breast and back of the dam, form resting points for the planking 
of the dam. The interior of the dam is filled with stone, clay, con- 
crete, or such material. The apron K of the dam is continued 
<mwards as substan^lly as possible, in the manner shown in the 
sketch. This latter is a 
Ttf. 134. pointofgreat importance. 

At L the sluice of the lete 
is visible. A submerged 
weir is shown in Fig. 184. 
^ is the saddle-beam, ^B 
are the guide-columns, in 
grooves, in which tbe 
sluice works. The ar- 
rangements for nuning or 
openii^ and lowering, or 
Cutting the sluice are 
various. A capstun-like an-angement in shown in the 6gure, the 
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sluipe-board liAnging b; cfaaina. Tb» piles in such a eonstraction 
muBt b« oleftred for some depth, and the interstices well rammed 
with muidJe or concrete, to prevent leakage. 

§ 66. Seight of SweU. — By aid of the hydraulic fcrmnlafl we have 
investigated (VoL I.), the 

height and amplitade of ^' 135 

the back-teater for any 
ffiven dam may be easily 
aetermined. If, in the 
ease of a dam represented 
in Fig. 135, h be the head 
JlB, and if b, be the 
breadth, and k, the height 
doe to the velocity c of 
the water as it flows up to the weir, or : 
k^ ^, then the quantity of water discharged by the weir is (Vol. 

I. 5 821) Q — } ^ & v'^FA + *)* — k']. If, on the other hand, 
the quantity discharged be Known, the head corresponding to it upon 
the saddle-beam: A — ^-_i_lL^ + **\* — k. In order, therefore, 

to ^ve the height BO-mx of a weir to produce a given head, or rise 
of the water surface at the weir— A„ we put^C + COm,^B+B0, 
or, if the original depth of the water down-stream CO be put— a, 
then A, + o — A + a;, and hence x^a-\-k, — A. 

When the back-water or head raised is considerable, say xa*nt 
least 2 feet; the velocity of the water, as it oomes to the weir k, may 
be neglected, and, therefore, we may put: 

and according to experiments of the author, the co-efficient fi may be 
taken h 0,80 for this case. 

In the case of the submerged weir, Fig. 136, the calculation is 
somewhat more complicated, 
because in this case two dif- ^' 

ferent discharges are com- 
bined. The height ^C— A 
of the water above the saddle- 
beam is greater in this case 
than the height ^B >■ A,, to 
which the water is raised by 
the dam, and, therefore, only 

the water above the level B flows away freely, whilst the water under 
B flows away under the head or pressure ^B ■> A,. The discharge 
through 

^B - Q, - I ». iv'^ [A. + k)'-k '], 
and that through aC^ h — A^, is: 
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and consequently the whole quantity, or, 

Q. + Q.- Q - ^ J •^ [i [(A, + i)5 _ *5] + (J_ A^) (^^ + 4)i J 

From the quantity of water Q, and the height h^ to which the water 
is raised, we have the height of water above the saddle : 

from which the height of weir CO aarva + A^ — h may be dedaced. 
It is evident that A > A, or the weir, is a submerged or imperfect 
weir, when 

Exatnpk. A ftream of 90 feet width, and 3 feet in depth, discharges 310 cubic feel 
of water per second. It is required to raise it 4} feet bj means of a weir. What he^t 
of weir is necessary ? As the height of the water to be raised is considerable in tliis 
case, we maj confidently use the simpler formula: 

x^a+K-^ ( ^^ _y. In this formula a s 3, A, » 4J». QssSlO, 6»30, 

^2j* b ^2g^ 

fA m 0,80, and ^/2g as 8,02 for the case in qaeiAion. Hence : 

2^3 + 4,5— ( • -)'ss5,7 feet; and, therefore^ the OTerbll is averfed 

\2. 0,8.30. 8,02/ -^ 

w.eir, as was presumed. If it were required to raise the water up only 2 feet, x would 

be 3,2 feet, or the weir would still be perfect. If 1^ feet only were required, the dam 

would not require to rise above the level of the water down-stream, or the natural level 

of the water in the stream ; and would be a submerged weir. Applying the complete 

formulas to this case, and putting 

ik«^-0,0155 ( Q Y- 0,0185 (J}^ 
2g \{h + h,)b/ V4,5.30/ 

K 0,0155 . 5,27 ■■0,084 feet, and taking/* again » 0,80 we get: 

j^_^ ^ 310 ^ (l,584)t— (0,084)* 

0,8 . 30 . 8,02 ^1,584 j ^534* 

» 1,28—1,06 + 0.01 «>0,23 feet 
Tlie saddle orerfhll most, therefore, be about i foot, or 3 inches under the surface of 
the water on the lower side of the weir, and, therefore, the height of the weir it«eif 
zsa+A— A, cs 3,25 feet 

§ 67* The height and amplitude of the baci-fffoter in the case 
of slnice weirs may be determined according to the theory of the 
discharge by slnices. Three cases taiay occur. Either the water 
flows away unimpeded, or U flows under a counter pressure of 
water, or it flows partly unimpeded, partly under water. In the 
case of a free discharge, as in Fig. 184, the Telocity of discharge 
depends upon h above, measured from the centre of the opening to 
the water's surface. If, then, a be the height of opening, and 6 

the breadth, then Q» fgab v/2 ghy and, therefore, inversely 

A s 2i~ I ~^ } ' ^^' taking into consideration the velocity k with 
2^ \ptao/ 

which the water comes up to the sluice, 

1 / Q \* 

A V 3~ I --^ ) — i. For the height of opening, we have the formula : 

zg \/i ab/ 
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a — ■ or, if Aj « tlte height to which the vater is raised \>j 

the dain above the aill, be given : 

a ■• Aocordiog to the author's ezperimente /t is 

here — .60. 

If the onder-water lie back to the sluice, as in Fig. 137, then the 
difference of level ^£« A, is the head to be introduced sa pressure 
in die above formnla. In this case, therefore, the opening corre- 
sponding to a given head A is : a _ ^ 

^b^2gk 

When the level of the nnder-vrater is vrithin the range of the 



sluice's opening, as shown in Flc. 138, one part flows away unim- 
peded, whilst the other flows under water. If the height of the 
water is raised, or the difference of level ^B, Fig. 138 > A the height 
BC of the part of orifice of discharge above the surface of the water 
Kd,, and BD the height of the part under this sorfaceBO^ then 
the quantity of water for the former part: 

Q,_^a, i \^(h ^\, and for the other: 

Q^ —^ fl, b '/2gh, therefore, the whole quantity : 

From the quantity of water discharged Q, the height to which the 
water is raised A, and the depth a, oi the sill or saddle of the weir 
under the under-water surface, we deduce the distance of the sluice- 
board from this surface : 



\b^2g ^ / \ 



^b^2g 

E»a»^ 1. Hov bl|^ rnnit tbe boards of ibe slnioa weir. Fig. 134, b« ratted, wbicb 
bu 10 let (tf 9S0 cubic feet of w«let per leoond, ibe breadth b being ^ 94 few, Kod ih« 
height A„ to wbich the water ii dammed above tti« (ill H 9 feeil In the case of unim- 
peded dlKbarge: 
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approiimMel]' ; aHl.henoa: / j _ i ^ ^J^™ 2,13, Ihewfcre, ibn hejjhl of open- 
ing required: a^ —1— ^1^ ftwl^ 12^1 inchet. 

ExainpU2. What amount mnat the al nice, Fig. 137, be drawn np,in order that iL ma]' 
'Hachai^ ISO cubic feetof water jierFecond. under a headoTI.S feet, the width oT open- 
ing being 30 Teelt Thia ia a eaie a{ diaoharge aniltr wUer, tbereftwe, 

a a — =— 0,678 feet * 8,U inches 

0,6 , 30 . S/K y/Lfi 

Exam^t 3. It ia required n> determine Ibe quBiilii)' oT watet which Oowa Ibroo^ a 
aluioe opening (Fig. 138} of breadth is 18 feet, beighi Ci) — a, 4- o, b 1^ bet, 
when (be head JB^t leel^i^and iha haigtit of water above ibe lill, a,sK0,9 fqeL 
III thU e aae fth ^g a 0,0 . ]8 . 8,09 b 88,8. Further a, ^ v 0,S v^ — 0,707, 
■nd a, jh—^mm 0,7 y/lflt b 0,899, IheTefbre, the qtMnlity of water reqnirod Q ^ 
«6,e (0,707 + 0,899) « 88,6 . 1,606 m 139^07 cubic feet 

§ 68. Bitcontinwnu Weira. — The beight of tbe back-water in the 
case of incomplete or discontinuoos welrB, Buch as piers of hridzea, 
jetties, &c., may be calculated in very much the same way as tliat 
for overfalla. For the jetty BE, Fig. 139, there results a damming 
back of the waters, because the stream is contracted from the width 
AC to AB. If, therefore, the lead b« closed, which it ia well to 

Kg. 139. Fig. HO. 



assume, the whole of the water of the stream Q must pass through 
the contracted passage ^j&. If we put the width ^5— fr, the height 
of dammed water wmAB.^ A, Fi^. 140, and the depth fi.C, of the 
under-water b o, the n toe quantity flotnng freely above the under- 
water is Qi B } f> b ^ 2 gh' , and the quantity flowing away as under- 
water= Qa^'j* b a^2gh. Therefore, the whole quantity going 
away : Q^ i»b t/2 g k (i A + a). Hence, inversely, the breadth 
of weir corresponding to given height h of dammed water, is 

b — -= If the height of back-water k, be small, 

^{ih + a)Vigh 
or the velocity of the water great, the velocity of the water as it 
comes up to the jetty, must be taken into consideration. If it be 
again taken to represent the height due to the velocity of the water 
as it comes to the weir, we have : 

Q, - } ».A ^^lih + *)*« — i5], and Q,- ^ba^2g{h + k), 
and, therefore : , 
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Q _ , J ^li [K(* + *)' — *^] + « (4 + i)*], 
*nd inversely: 

j__ Q 

c v'^[lC* + i)'- *'] + «(* + )*] 
WbilBt in the unimpeded motion of v&ter in river channels, the 
Telocity is greatest at the sorface, and decreases gradually as ve go 
downwards in the vertical depth, the case is different when the water 
is dammed np bv any obstruction in the stream. Then the velocity 
merease* from the surface of the upper-water down to that of the 
under-water, and dimiDishes very little from thence downwards to 
the bottom. There is, therefore, a change of velocity as represented 
by the arrows in Fig. 140. This must necessarily be the case, be> 
cause the water above the nnder-water surface flows away under a 

Sressure or head increasing from to ^ and the water under it^ 
ows away under the constant pressore h, whilst for unimpeded 
notion, the pressure or head at all depths ■■ 0. This formula is 
likewise applicable in the case of bridee piers, if b be put to repre^ 
sent the sum of the bpeninga between the piers. In order to prevent 
as'mnch as possible injurious effects from the eddyiog motion of the 
water behind and in front of the piers, the ttarlingt are added, pre- 
senting a rounded or angled prow to the water. If the starling of 
the piers be round, or form a very obtnse angle, then /i is to be taKen 
a 90, if the angle be acute ft ■• .95, and if the acute angle be 
formed by the meeUng of two elliptical or circular arcs, as in Fig. 
141, |i becomes even .97, or very nearly 1. 

Fig. 141. Fig. 142,^''^ 



Btmari. If m jelly, or oilier biiililing oOnliaoliiig a MrMm, doea not reach above lEip 
mrboo, tbe whole qmntiijr of water Q ma^ be conMered at ainipM«d of 3 parti. Ir 
tl>e lop or the conMiuotion be benealh Ae uocler-waler turlkoe CD, Fig. 143, ifaen Uie 
quantil)' of water Bowing away ihrough -(be eeciian ABDC, a: 

k bring the height of the beck-water, and b the brnJth JB. 

Srconll]', the remaining part above Ibe top of the' building, and under the coogtani 
h«ai] A. or (^B/it, (a — a,)^^g(A-f t). vberaaHO//lhe depth of under.WBteT> 
b, ~ the breadth EF of the building and a, w ill beiglit EH. 

LmiIjt, the part flowing away at Ihe end or the building under the oonitant head ft, it 
4, B ^ b, ■ ^2g (A 4- k), b, being the free width CD. Tbt»: 

Q— j^iv'^ [{A + 4,1-4^1 + M[*o — i,a.]v^g(A+i), and, therefore, we can 
ralculnte the leniith Hnd height of huililinji necesnry lo pmlure a (riven amoiiiil of dam. 
If, on the odier bund, CfD,he ilio iindet water luiface, or if the uoiutracikm reach above 
UWHirftce, 
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+ }/**. V'.'X !(* + *)'—"] + *•"'.•»« (* + *)■ 
Exampb. What width BC muat be giTen lo Ihe dam SB, Fig. 139, in ordei tlwt tlie 
river, which i> SSO feet wide, and 8 litel ilerp, and ikliven MOUO euhic feet of wntei 
per lecond, may be dunmed np 0,75 Teet % 

i— 0,0159 /H^gg.Y^ooias . 3,ir— 0,1S8, 

■nd if |U ^0,9, then the width of the amlradti ^nam: 

. UOOO 

09 . S,03 [} CO,eO«» — 1 sat) + s , 0,906*], 
14000 14000 



93S,fl leel, 
138,5_311,Sr«eL 

§ 69. Amplitude of the Back-water. — We have novto resolTe the 
other important qneation. According to wliat law does tbe height 
of the duamed water diminish in stretching back, vp stream 1 With- 
out hanng resort to anj pecnliar theorj, this problem can be solred 
by the tbeorr of tbe rariable motion of water in river channels, ex- 
plained Vol. I. § 869, § 370. 

Let ns Bnppoee tbe length of nrer on which back-water from the 
dam .SBK, Fig. 14S, is perceptible, dinded into separate lengths, 

Fig. 143. 



and let as submit each length separately to calculation. If a, bje the 
depth of water ^B at the weir, a^ the depth DE at tbe npper end of 
such a lengtli ; JiBDE, F, the section of the flowing water at the weir, 
F, the section at DE, Q the quantity of water, p the mean circum- 
ference of the section for this length, and a the angle of inclination 
of the river's bed, then, from (Vol. I. § 870) the length of the first 
division, (a, and a„ and f, and F, being snbetitnted for each other) is: 

«».a-t._?_/i + i\«" 
F, + f , \F,' ^ f,V ig 
If a, be the depth of water GH at the upper end of a second length 
DEGH, F^ its section, and ;>, the mean perimeter of the water sec- 
tion of this part, then its length 

DH- I, _ ^•'.' ^''^S 

'^'-^F^F,(h*m 
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Continmng in this manner, namely, assuming arbitrary decreases of 
depth a^ — a^, a^ — a,, a, — a,, &c., and calculating from this the sec- 
tions F.y F3, J*3, &c., and the mean perimeters, we get by the for- 
mula, the distances /, /^ /,, corresponding, or the distances /, / + /|, 

{ + '1 + 's9 ^^*9 f^om the weir. 

To find the depth y corresponding to a given distance x, we may 
either apply the method of interpolation to the values /, / + /^ l + \ 
+ /„ &;c., just found, or we may make use of this other formula, 
Iftewise given, Vol. I. § 870, viz. : 



a^ — a«BB 






Ml 



If we pat i& this instead of 6^ the breadth, and instead of p^ the 
perimeter, and for o, the velocity at the weir, this formula gives the 
decrease (a^ — a,) of the height of back-water on the first short length 
If and for a next following short length I, this decrease is: 



h "a 5 Zn *' 



«i — "a'" 5 n »' ' 

and, lastly, for a given distance / + /i + 'i+ • • • the depth: a^ — 
(a^ — Cj) — (flTj — 0,) — . . . may be calculated. 

Exampk 1. A weir is to be built in a river 80 feet wide, 4 feet deep, and discharging 
1400 cabic feet per second, in order to dam up the water 3 feet high. Required the 
relativie amount of damming, at distances back from the weir. Without the dam, the 

▼elociiy of the water c^ ^m 4,375 feet, and, thereibre, according to the table. Vol. 

8.04 
L p. 447, the oo-«fficient of resistance (^0,00747, and the inclination of the channel 

jm. « s 0,00747 . Z . i!. If, therefore, « ss 84, J* ■> 80 . 4 ■> 320, ca 4,375, and J. 

0^0,0155, then the inclination: 

mi,mmm 0,00747 ii . 0,0 1 55 (4,375)* s .0,00058 18, or, .00058, 

near enoagh. The depth of water close to the weir is 4 4- 3 as 7 feet, and we shall 
now determine the distances at which the depths 6j, 6, 5f, and 5 feet occur. If we 
lint introdiioe into the formula: 

F,+ F.\F,*^ F.'Jig 

#',m80 . «,9bS30, Q«BU00,«M.aaB.000S8,pai86,aadtbeorortiie mem Tekxiit* 

20 2800 

— yify^ - 1^ - 2,89 re€«, C -.0078, the tiUiki of 

f ^ 0,5— (0,0000036983 — 0,0000031888) • 30434 



0^00058 — 0,0075 ^|L (0,0000036983 + 0,0000031888) . 30434 
0,5-0^155 _ 0,4848 _. ,07, feet 



0,00058 — 0, 1100128 0,000492 
To find the distance back at which a depression of 1 foot in the water's surface occurs, 
we must again put a^^Ut^ 0,5, but F^mm 520, J*, ^ 80 . 6 a 480, p wm 85,5 and the 

VOL. 11.-18 



> 
^ 



\ 
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2800 
mean Telocity » 2,80 gives (^ 0,00749. Hence, by means of the same formula 

as above, we get for the distance in which the surface lowers, so that the depth becomes 

6 feet instead of 6,5, 

0,5 — 0,0000006421.30434 0.4845 ,,^or* 
< sat 1 as — : as 1 142 feet. 

.00058 — .00749 1^ .0,0000080385 . 30434 -^^^'-^^ 

1000 

The water at a disianoe 1071 -f- H 42 ■■22 13 feet, is, therefore, only 6 feet deep, or 

tlie height of the back-water is 2 feet If, again, we put Oq — a^ as 0,5, and /"^ ss 480, 

f*. as 440, pas 85,1, and (■■0,00749, then /as 1205 feet, and for a further depression 

of 0,5 feet, /■■ 1413 feet, so that at 2213 feet-f 1203 feet+ 1413 feets4829 feet beck 

from the weir there is still a rise of 1 foot, occasioned by it For the 4 J feet deep length 

|:b 1922 feet, for 4i feet, /as 1584 feet, and for 4,1 feet, I mm 1850 feet, so that there is 

still a difference of ^th of a foot at a distance 4829+ 19224- 1584-f 1850;f 10185 feet 

back IVom the weir, and diminishes upwards ; but for 4 feet, or eonq^tle oosofion of back' 

vfoier, Ita oo by oar fominla. 

Exampk 2. Required the height of the back-water at the distance 2,500 feet beck 

from the weir of the last example. According to the calculations above, there is a rise 

of 2 feet at 2122 feet above the weir, and the question, tfaerelbfe, is, how does the rise 

diminish in the distanoe 2500— 2122s 378 feet? The distance back from the 6 feet 

depth at which a further reduotion of 0,5 feeC takes plaoe, has been found above to be 

S 
1205 feet Therefore, for each foot a depression of --I— . feet, so that for 377 feet, we 

5 378 
should have * ^^0,157 feet, and, therefore, the rise of the back-water at 2,500 

1205 » » -» ^ 

feet back fhxn the weir is 2 — 0,157 ■■ 1,843 feet, and, therefore, the depth of water 
SB 5,843 feet If we caksulate a<xx>rding to the second formula : 

(n«..-{.J!o^.!lL) 

fl^— <»o«- —^ i *n<l >f ^e Pwt into «*>« /■■800,|»p=.86, Q^^s,!^ 

1— -L ^ 

a^^ ^ 560, Tq as 2,5, and (aB0075, we get the depression corresponding ^0,399 

feet, and if we again put /as800, Pos85,8, aoaB7— 0,399 as 6,601, ao&oSB528, 
Vq s il^ s 2,652, and ( s .0075, the depression is found to be 0,383 feet Continuing 

in this manner, but setting / this time ss 900^ /^^ s 85,5, o^ as 6,60 1—0,383 » 6,2 18, 
ao^o s 497,44, Vq SB -li^ ss 2,88, and (=00749, we get the depression a^— a, asO,403 

feet, so that for 800+ 800 + 900 ss 2,500 feet back from weir, the depth of water is 
6,218 — 0,403 SB 5,818 feet, and the height of the back-water here is 1,815 feet The 
first method gave 1,843, so that the difference in the results of the two methods is not 
quite i of an inch. 

§ 70. Baek'-water SweU. — If we consider somewhat closely the 
equation of the curve of the back-water, that is, of its longitudinal 
section, viz : 

a' 2g 

we discover several interesting circamstances in reference to the 
back-water. In the fraction : 

„ p V* 

F 2ff 



2 »» 



/ 
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the Diunerfttor and d«notnmfttor become more Deu-ty equal to 0, the 
greater the velocity v, and according as the one or the other firet 
becomcB 0, «e have : 

, '"• -°.'('-!-g) _.., K-M.o' ,. 

tWt. ft — f .^. __ 
F 2g 
We perceive from thia that when the numerator becomes b 0, the 
divifiion l, or the limit of the back-vater becomes infinitely distant, 
and in the case of the denominator becoming — 0, the length I » 0, 
or there is no back-water. Now the numerator beoomes « 0, when 

Z P ,.—-^ tin. ft, or, when the velocity of the dammed water differs 
■f "g . 

in an infinitely small degree from the velocity v w f-^- '-^ of 

the uniformly flowing water of the stream, and the denominator be-: 
comes H 0, when : 



that ifl, when the height due to the velocity «> half the depth of the 
stream. 

When the ke^ht due to the veheity of the water before the intro- 
duction of a weir, it lett than half the depth of the undammed water, 
thx bach-water tt^ea the form shown in Fig. 148, and ^ the height 
due to the velocity be greater than half the depth, the back-water hat 
the form Fig. 144, there being a rise or swelling at the point EG. 



If in the equation tin. a^l E. . _-, we put -_ ■■ _ f = oA, and 

p (though it be only approximately) ■■ h, we have : tin. a « } ;. 
Thns the circumstancee represented in Fig. 144, are likely to occur 
when the fall or inclination of the stream a, is greater than \ the 
co-effident of resistance i « .0075, that is when • > .00375, or 
a » bIu, or 1 in 266. As rivers and water-courses have generally 
a less mclination than this, the sudden depression EG, Fig. 144, is 
eldom observable in them. 

Stmark 1. ThU luiJiJen depression of tbe baok-inter was flnl obaeTved hj Biilon^, 
ioB IS iuchwide trough, in which awns — 0,033. The ■unaappeuvuB i( nrnuTesud 
wbrn the inclinalion or tbe channel (dunges, as shown in the Fig. 1^9. Ir Iha drgiea 
of incliiulioa of (La upper pan be gceelet than } (, and inoliualion of the lowet pan 
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n^ 149, laM, tbora U Jbnnad at the piriDt of dwDg* 

=1 a hmQ; or loddeD lUe wbeca ihe I«m il»\iib 

HI coCTOpODding 10 ihe greater indinuion, piuso 

■I inio (he greater depth ooireaponding to the 

H Banarki. Sainl'Guilhem basgiTonanem- 

I pirical equation for ihe curve or lh« back- 
9J water, but the snthor ba> |ti*eo one more 

MatduKin Biiq/rlapSJit," article "Bewegang dei Waaaert." 

§ 71. Retervoir*. — In dietricts where the Buppl; of water is amsH, 
bnt where powerful machines are nevertheless required, as in mining 
districts generally, the conetmction of reservoirs (Fr. HangB ; Get. 
Teiehen), or large artificial ponds, that fill during seasoDB of rain, 
and supply the demands of ilrier seasons, is a matter of practical 
importance. The site to be chosen for a reservoir is regnlated by % 
variety of circuAstancet. The miun question is that of the relative 
level of the machines to which the water is to be applied. This 
being satisfied, they are most advantageously placed in a deep dean, 
or part of the valley where they can collect, not only the rain-water, 
but the streamlets and springs of as large a snrronnding district as 
possible. In such a situation a single dyke or dam going square 
across the valley is sufficient to enelote the reservoir. The shorter 
the dyfce, and the less the superficial area of a reservoir for a given 
cubical contents, the better. The steeper the banks, therefore, the 
more economically a reservoir is formed. The lower the level of 
the reservoir compared to the surrounding district, the greater supply 
of water may be led into it, or will flow to it naturally. 

In selecting the site for a reservoir, great attention must be pMd 
to the nature of the bottom, that is, its impermeability most be 
thoroughly ascertained; also its 
f%- '**■ fitness for bearing the weight of 

the dyke or dam. Artificial pud- 
dling is, of course, a resource 
available in many cases; but for 
very extensive reservoirs, it is a 
precarious and expensive remedy 
for want of natural impermea- 
bility. Fissures in rocks, depo- 
sits of sand and gravel, morasses 
or bogs are to be avoided by all 
means. 

Rtmark. On thii aiibject, see Smeatoo'i 
■■ Report*," SKanzin.''CDHniit C/Miinietioii," 
and Hageo " tVaae'batikwut" 

The value of a reservoir depends 
chiefly on its snperficial and cubi- 
cal contents. For ascertaining 
these, an accurate survey is neces- 
sary. The points I, II, III, Ac, of Fig. 146, are laid down from a 
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anmj vith tbe chsio or theodolite, and crou tectunu are then tskeo 
b; leveling (and sounding, when there exiets a natural reaerroir), 
on eqoi-dietant parallel lines — 0, I^I, &c. 

If b„ A„ 6, . . . fc„, be tba widths 0—0, I— I, II— II, &e., and 
if the distance hetween the parallels be a, the area of the dam is: 
G-[6,+ J, + 4(6.4-6,+ .. + 6»,) + 2(6. + i,+ ...+fc,^].|, 

and if, in like manner, F„ F^, F„ be., be the area of the cross sec- 
tions corresponding to the widths b^ b„ b^ fee., respectively, the 
volume of the dam: 

V~[F,+ F^ + i(F,+F, + .. + F^i) + 2{F,+ F,+ .. + F^S\-l- 
Bj dividing Uie cross sections by parallel lines, drawn at equal 
depths, we get the means of laying down contour lines of equal 
d^th, and so ascertain the contents of the dam for each depth. 

II dMailad iiutruciioDa for mOBnir- 

§ 72. Dyket. — The dykes or dams of reservoirs are generally of 
earth-work, seldom of stone. The face inside, or next the reservoir 
is covered with clay pnddle, and with a carefnlly laid coune of gravel. 
They are carried up of a uniform slope, or with offieU or Urracea. 
They are carefnlly rammed at every foot of additional height laid 
npon them. Especial care must be taken with the foundation, which . 
mnst be carried down to an impermeable stratum with which the 
superstructure must be connected, so that the bed of junction may 
be perfectly water-tight. When a water-tight substance cannot be 
found, a system of piles must be used to insure this most important 
point of the reservoir's efficiency. The depth of the foundations 
depends on the nature of the ground, as above explained, and 5, 10, 
aiM 20 feet deep foundations have been executed. 

The dyke, in its main features, is shown in Fig. 147, having a 
trwezoitfal section EK 

otFL. .^C, is sometimes ^v- !*'■ 

termed the croipn of the 
dam; it must be well 
paved, and generally has 
a parapet wall to prevent 
the waah of water during 
high winds from damag- 
ing the crown, or waehing 
over to injure the back <^ 
thedam.V£or;tfi;. The 
piece KME of the dyke 
la termed the middle or 
centre piece, and the 

]Mece8 AIN"!! and BMC are termed the winqt of the dam. As to 

tiie dimensions of dams, the breast is generally made to slope at the 

rate of 1 to 3, and the back at the rate of 1 to ^. The width on 

•18 
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the top IB very rariooB. For high d;kes it varies from 10 to 20 
feet. A common rule is, to make the width at top equal to the 
height, but this onl^ applies to dams of small height. The djrke 
should be carried from 8 to 6 feet higher than the highest water 
intended to be in the reserroir. 

Fig. 148 represents a cross 
Fi(. 14B. section of a dyke for a reser- 

voir. ABCE is the breast- 
work of clay carried down 
to water-tight Bubstratum, 
BGFC is the backing of 
earth-work, AE JB the paved 
fnce, the paving being 4 feet 
thick at bottom, and 2 feet 
at top. 
Btmark. If I be (h« length along tbe top. sod 1, the length along the bottom, b ibe 
br«aikli on tc^, and b, llie brenAh at bottom, and if A be the faeiglil of a dyke eaah «• 
Fig. 14tl, the cubic contents or the chm are : 

c-[i4.-|-?.4-f.ac"-l-W]r 



S T3. Stability of Dyket. — Dykes are exposed to the pressure, 
and sometimes, thongh rarely, to the shook or impetus of water. 
They must, therefore, be of proportions that will resist either being 
overturned or shoved forward by 
Fig- "9- the action of the water. The 

conditionB under which they resist 
being shoveii forward have been 
examined, Vol. I. % 280; and we 
shall now consider the question of 
stability in reference to dislocatioB^ 
by rotation. The water acta on 
the internal slope or breast AD 
of a dyke. Fig. 149, with a normal 
pressure OP » P, the point of 
application of which is JIf ts at the 
distance ZJIf— } the depth C^— } 
h ftaia the sarfaee of the water 

(Vol. I. § 278). For a length of dam - 1, P - ^D . y . |, r l>e>ng 

the density of the water, or weight of cubic unit. The horisoutal 

component of this pressure is : H b A . 1 . y • k ~ i ^* Y> *^*^ ^^ 

vertical component, (if m be tbe relative batter, or mk the absolute 

batter DE of the breast,) T— mA . 1 . t • | — \mh*i. The weight 

of the piece of the dyke of length — 1, acting at tbe centre of grantj 
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S of the trapezoidal section ABCD^ is G « / J ^ '^ — A J A y^, in 

which h a the breadth AB^ and n relative, or n A the absolute batter 
or slope of the back of the dyke. From P and G, or from Hj F, 
and G, there arises a resultant force OR *b J{, the statical moment 
of which CJf . It, referred to the corner C, represents the stability 
of the dam. If we suppose P, and also H and F, acting in Jf, the 
statical moment of P » statical moment of H minus statical moment 

of r« JA*y.-^— iwA'y. CQ- JA»y(JtfQ — m. CQ)« J 

hence we have the statical moment of G working in a contrary 
direction : 

- J n A« y^ . I « A + 6 A y7n A + |\ + w A« yj (w A + 6 + i w A) 

- A Ti (i «* A' + n 5 A + J 6" + J w n A* + J wi J A + ^ m« A^) 

we have the stability of the dykes : 

*-»([(=T^+"")?+("+?)»+»''> 

- [i A — w»(»A + J + § wiA)]-yy In order now to find the point 

X^ in which the line of resistance UWX cuts the base CD of the 
dyke, we must determine the distance CX of this point from the 

CX OR R 

edge C, and for this we put: — - :k j^^^ -^ — ^ ; ^nd from this 



:([(?i+J?)A + j]y,+ im*r);or, 



""^ " 3([(m + n)*+263y,'+«*y) 

By aid of this formula, other points W in the line of resistance 
may be found, if for A different heights of dyke be introduced, or 
we may ascertain the stability of any part of the dam bounded by a 
horizontal plane. 

For a dyke with vertical sides, 9it «■ n ^p, hence 

a ,. ^^*I'~**^ « i J — ^ (Vol. n. § 10). If the inclination 
6 * yi o 6 y, 

of the breast and back be 1 to 1, or 45^, m » n «■ 1, therefore, 

8 (2 A» + 8 6A + y) y, + (4 A + 8 6) A y . 

"*" 8[2(6 + A)y,+ Ay] 

and if i- A, then a. ^^ ^^ + "^ ^ . * and if y, - 2 y, then 

4 y, + y 8 
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a s If Asa If (, or, as in this case the breadth at the base b^^&b^ 
or ( ss ^ (jy a s 1} &j. According to Yauban's practice, there b 

ample security when a » j . -J. » y\ ft, (Vol. II. § 11}, so that for 

the last case there is an excess of stability. All things considered, 
it is well in dykes, for great reserroirs, to make a at least » 0,4 ip 
or the line of resistance should cut the base at f^ths of the width of 
the base from the heel of the dyke. 

Example. Required the line of renstance of a dyke, the batter of inolination of the 
hrean of which m^ 1, that of the back nss ^ the breadth on the summit, or crown 
being 6 as 10 feet Aesuroing that the mass of the dyke has a specific giarity as 2. We 
have: 

2 (3 A' 4. 60 *+ 300)+ (I A+ 30) A 1200+ 300 A+ 17 A'. 

^ 3(3A+40+^ ^ 24 (10+ A) ' 

3125 5900 

hence lor Aa0,aas5feet: for Aas5feet,ass ^BM feet: forAa 10 feet,a as 

* 360 480 

8 12,29 feet, for A ss 1 5 feet, a B. ^^ s 1 5,S7 feet, for A SB 20 feel, a 8 11222 as 19,44 

600 720 . 

17 A 
feety &C. If the height of dyke be very great, we may put : a ^ , and 6 ■■ | A, 

24 

hence — ssff. As ^| is more than 0,4, such a dam would be safe for an infinite 
b 

height 

3 A n 

Bianark. According to the ibrmula b as in the example YoL I. § 280, if we 

26 
put assniA, then 2 6^ (3 — m) A, hence A as , and, therefore, in our last exan>- 

3 — fis 
pie, in which mBBl,A886BBlO feet 

§ 74. Offlet 8lu%oe% of Dykes. — Offlet slaices and discharge-pipes, 
or culyerts, must be provided in the reseryoir dyke* The omet sluice 
or regulator, serves for the discharge of any excess of water that 
would accumulate in times of extraordinary wet. The discharge- 
pipe or culverty is for supplying the lead or water-course as .circum- 
stances require. There may be one or more of each of these acces^ 
series in a dyke. For instance, in some dykes an offlet is arranged 
at the very lowest level^ so that the dam may be completely emptied 

when occasion requires, and above 
^*- ^^' this, a second offlet is laid, by which 

the water-course is supplied with 
water to be led to the machine that 
is to receive it as power. 

The offlet-pipes may be either of 
wood or iron, or of stone, or may be 
built culverts. Fig. 150, in the mar- 
gin, gives a general idea of the ar- 
rangement of the drawing^luice or 
discharge-sluice of a dyke. .^ is 
the end of the pipe or culvert, on 
the face of which is a flat piece of 
wood or iron B, CD is a cast iron 
or wooden eluiee-board^ fitting into 





\ 
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ffoides, DE is the sluice-rod^ reacUing to the surface or top of the 
dyke, £ is a cross piece by which, in the absence of grooves or 
guides on the plate on the end of the pipe, the sluice is kept pressed 
upon its bed, 6 is a strong beam having a female screw, through 
which the screw 6H passes, and the handle or key, Hy being turned, 
the screw elevates or depresses the sluice-rod, as may be desired, 
for opening and shutting the sluice. 

The discharee-pipe must have a sectional area, such that the dis- 
eharffe when the water, or rather its he(idj is lowest, may be sufficient 
for the supply of the power required for the machine. If Q be the 
quantity of water to be discharged per second, h the given least heady 
I the length, and d the diameter of the discharge-pipe, C the co-efficient 
of resistance at entrance, and r. the co-efficient for internal friction, 
then, according to Vol. I . § 832, 

>/ — 27* \~)' 

or, more simply: • 



d « 0,4787 M[(l + f) rf + {^1 q y- 



If, therefore, we take i from the table in Vol. I. § 825, and Si from 
the table in Vol. I. § 881, we can determine by approximation the 
required width of pipe. As the head is higher, a greater part of 
the aperture must be closed, so that, according to Vol. I. § 888, 
there must be introduced a greater co-efficient of resistance for the 
entrance. If the entrance aperture be very small, the water does 
not fill the pipe, and, therefore, the. calculation is simply referable 

to the area of the opening F^ . where u is to be taken 

from Vol. I. § 825. With table of areas of segments, the calcula- 
tions are very simple. The prolongation of the discharge-pipe 
through the dyke must be of very substantial cement-built masonry, 
and in large dykes should be from 5 to 6 feet high. 

JEroinpfe 1. A di9cbarge*pipe of 100 feet long is required to let off 10 cubic Teet per 
•eoood, when the head it reduo^ to 1 foot, what must be the diameter? Supposing the 
inolination of the sluice to be 40^ (equal that of the breast of the dyke) then ( as 0,87 ; 
and the cso-efficient (. corresponding to a Telocity of 5 feet ^0,022, we have ds^ 4787 

^(1^70 d-\- 2,2) . 100, and (f ss 1,7 satisfies this equation very nearly. Thus, a dis- 
cbarge pipe of 1,7 . ] 2 ^ 20,4 inches would fulfil the required conditions. 

JExompJe 2. In what position roust this sluice-board be placed, in order to discharge 
only 10 cubic feet of water per second, when the head is 16 feet? If we assume tliat 
the pipe does not fill in this case, then 

.._ Q _ 10 _ 5 



fA^2gh 0,731 . 802 ^16 ^ 1»^ 



.431 square feet 



17 4 

This secroeDt of radius -!— reduced to radius 1 ss 0,431 ss 0,598, and from a 

2 2,89 

table of areas of segments, we find the height of such a segment to be 5 inches. 

§ 75u WaUr-caur$e9. — The water of the reseryoir is conducted or 
led to the point at which it is to be applied, i. e., to the machine 
through which it is to expend its mechanical effect, by canals^ water- 
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eoune*, and miU-teacU. TheBe channela are eenerall; dug oat of 
the natural soil, raised upon embankmentfl aad aquedacts over the 
deeper valleys, and cut as drifts or tunnels through the greater ele- 
vations that occur in their course. The bed of the canals are formed 
of sand or gravel, on a bottom of clay, or are hand-laid stones, or 
concrete formed with cement, and not nnfreqnently it coDsists of a 
Tooden, an iron, or a stone trough. The sidea of this canal form 
right lines, or its section is a gently carved trapeziom, or it is rec- 
tangular when it becomes a trough. The section of water-oourses 
is from 1| to S times as wide as its depth. The slopes of the sidea 
of the course are generally very slight, or none at all in the case of 
masonry set in cement. An inclination of 1 in 2 is given to dry 
stone sides, an inclination of 1 in 1 in the case of compact earth or 
clay, and of 2 to 1 in the case of sand or loose earta. Fig. 151 
gives an idea of the constniotion of a water-course in loose gronnd, 

Rb. LSI. Fig. 139. 



not water tight. Fig. 152 represents the manner of forming such 
a course on the side of a hill, where the earth taken from tne cut 
is made the supporting bank on the under side. Fig. 153 shows tb« 



manner in which it is sometimes necessary to ooustmct the embank- 
ments for aqueducts. 

Fig. 154 IS a section of a walled drift or tunnel, throsgb ground 
not considered impermeable to water, and inospable of standing 
unsupported. The manner of putting troughs together is indicated 
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in tin sketches in Fig. 155 for wood, and Fig. 156 for iron, where 
the flsngeB, bolted together, are farther made water-tight hj what ia 




^ 



termed a nut-Joint (a cement compoaed of sal ammoniac and iron 
filings or tnmings). 

The junction of a water-conree with a river .^i^, Fig. 157, should 
be gradually widened^nd rounded off, and the head D substantially 
finished, so that It may not be injured by freshes, or objects carried 
•^inst it in time of floods. Flood-gates or sluices hare to be ar- 
noged along the course, if this be of any considerable extent. These 
slBices sbonld be made self-acting, that no damage may be done to 

Fie 1ST. Fig. 198. 



the banks by even a momentary overflow (the self-acting sluices on 
Skaie'M water-workt, in Scotland, is the most notable case of this 
self-acting arrangement on record). They act generally by a float 
being raised as the water in the channel rises, which float opens a 
valve or eloice to discharge the surplus water in convenient localities. 
Sometimes a case fills as the water rises, overcomes a connter- 
balsnce, and in its descent opens a valre or sluice, by which the 
snrplos water is discharged. The syphon, properly adapted, forms 
a simple contrivance, and is shown in Fig. 158, where ABC ia the 
syphon with an air-pipe DE. When the water in the water-course 
rises to the height of the summit of the syphon, which is the highest 
point for safety, the syphon fills with water, and the water is drawn 
off uid diseha^ed at C, ^e head being CH, the depth of C under 
the water surface. When the water has sunk to the level of DE,^ 
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the air rushes in and stops the action of the syphon. If the water 
does not fill the section BD of the pipe, the discharge is made under 
the conditions of a weir. 

§ 76. The velocity of the water in a water-course should be neither 
too slow, for then the course chokes with weeds; nor too fast, for then 
the bed of the channel may be disturbed; and besides, too much fall 
must not be lost in the inclination of the course. 

A velocity of 7 to 8 inches per second is necessary to prevent 
deposit of slime and growth of weeds, and 1^ feet per second is ne- 
cessary to prevent deposit of sand. The fnaximum velocity of water 
in canals depends on the nature of the channel's bed. 

On a slimy bed the velocity should not exceed ^ foot. 

" clay " " I " 

4< g^ndy a a I u 

" gravelly " " 2 " 

" shinrie " " 4 « 

" conglomerate " " 6 " 

" hard stone " " 10 " 

This applies to the mean velocity. 

From the assumed mean velocity e, and the quantity of water to 
be led through the course Q, we have the section F, and hence the 
perimeter p of the water section. If we put this in the formula 

a a - » ^ . -^ . ^r- (Vol. I. § 867), we get the required inclination 
I F 2g 

5 of the canal, and hence the fall required for the lead, whose length 
s Z is A « 5 2. 

The inclination may, therefore, be very different according to cir- 
cumstances. As, however, f as a mean is 0,007565, and c generally 

from 1 to 5 feet, and ^ is something between i and 2, the limits of 

the inclinations for the water-course would be 

0,007665 . i . 1 . ,0155 = 0,000028, and 
0,007565 . 2 . 25 . ,0155 « 0,00578, 

the courses leading from the machine have a greater fall, that the 

machine may be quite clear of back-water. The course leading from 

the machine is usually termed the taU-race. 

lUmark 1. Tbe water-couraes Ibr the water wheels and general uses of the Freyberg 
mining districts, have inclinations varying from ^ at 0,00025 to ^ac 0,0005. or from 15 
inches to 30 inches per mile, the tailmces generally .001 to .002. The Roman 
aqueduct, at Arcueil, near Paris, has an inclination ^ at 0,0004 16, or 2 feet per mile 
nearly. The New River, which supplies a great part of London, has an ioclinatiou 
Is 0,00004735. [The Croion aqueduct has Is 0,000208, or 1,1 foot; and tbe Bostoa 
aqueduct 0,00004735, or 3 inches per mile, the same as New River.] — Am. Ed. 

Remark 2. All sudden changes of sectional area and of direction are to be avoided, 
because these not only occasion loss of fiill, but entail other bad efiects in tbe way of 
wear and tear and deposits. Bends or curves should have as great a radius as possible, 
or tke itetional area should be increased there. If r be the mean width of the course, and 
It the radius of curvature, the fall lost by a curve may be calculated, according to ToL L 
$ 334, by the formula: 

A,— r0,124-|- 3,104 /'l.Vl— . -^ 
L ' ^ * \rJ Ji80« 2g 

until we have furtlier ezperimentnl data. 



Kammi t 3. Tba depont of ilime. Mod, and ths growth oT phnti, diraini Asa the Mciioa 
of waleT-coune>,aail bll u thereby lost The waier-oounei must, ibetelbre, be oarerulljr 
Clean^ oul from time to lim«. 

§ 77. iSlttica. — The entrknce of water into a water-course is 
Mther free, or regulated by a sluice. If the water enter unimpeded 
from the weir-dam or reservoir, in which it ma; be considered to be 
ttUl, the surface of the water sinks where the flow commenceB, and 
the depression is propoTtional to the initial Telocity in the water* 

course, and therefore » ^, which height must be deducted from 

the total faU of the water-course. For moderate Teloeities of 3 to 4 
feet per second, this depression amounts to only 1^ to S inches. 

If the entrance of water into the lead be regulated by a sluice, 
two distinct cases may present themselves. Either the water flows 
freely throngh the sluice, or it flows 
into and against the water of the Fii- 1^^- 

lead. It will generally be found 
that tiie depth of the water in the 
lead, is greater than tbe height of 
the sluice-opening, and, therefore, 
there occurs a sudden rise S at & 
certain distance from the sluice^C, 
Fi^. 159. The height BC - a; of 
thiB rise is a fratction of the velo- 
city V of the water in the lead, and of the velocity v^ of the water 
coming 19 to tlie sloiee, such that 

z s ^ f-^ and if we dednot this height from that due to the 

^ 2sf ^ 

velocity v,, or ^C« h ■■ ^, diea the head causing the initial velo- 
city v is: 

or exactly the same ae if the water were discharging freely. As the 
sluioe-bpening is never perfectly smooth, there is, of course, a certain 
resistance increasing toe head required by 10, or even more, per 
eent. 

If we pat G ■• tbe area of the section of the water flowing in the 
lead, aad F^ the area of the slniee^pening CD, then Gv » i^„ 
and, therefore, the rise 

and snhstitating for ^ the height dae to the velocity or the head 
jJC— A, « — fl — (^V"! A. If the difference a: — a — o, of the 
depth of water a and a, be less than Tl — /-^\ ] ^, the rise occurs 
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further down the lesd ; bnt, if it be greater, then the rise ooenre 
nearer the Blnice, till at last the dia- 
Fig. ICO. charge takes place onder hack-water, 

as shown in rig. 160. In this case, 
the head .^B — A has not only to pro- 
duce the velocity v in the water of 
the lead, bnt also to oyercome the re- 
sistance arising from the sudden 
change of the veJocity o, into the velo- 
city w of the lead. IfwepntF— the 
area of the opening, and G «• the area 

of the lead, the loes of head occasioned by this transition is: 
(".-")* /G .\'v* 

and hence the fall: 






It is obvious that the difference of level of the water before and 
bdiind the slnioe, is so much the greater, the smaller the sluice- 
opening F in proportion to the section of the water in the lead G. 

Exampk. A Inul of S feel mesa width, nnd 3 r««i depib, luppliM 45 cabic feet per 
•eoood. ltiiredihn>ucbailu)Qe4reetwide,aDd 1 fbot opening. Reqairod bownincb 
liigliei the water will (Unit, beTore Uia iluice than behind it. G^&X 3'^^ ■^■■■^ 
feet F'miy,\^* tquatefeetj «>—}j»3 feet pet second, and b,« — L— ™y 
oil} feet 

NowajTl — ^^'']!L.[l_(^)']2/a — l,88fMti.leMlhaiio — a, — 3 — » 
^S feet, iti« erident that there will rtM be tfrtt ditduirgt. The formula 
i^ri-l- ^_ — n 1 — giTee the difference of level leqtiired 

tM(l-|-2,')S*) 0,139»B.Sex 0.139 — M» feet, which miiM, howeTer, be IneieaKd 
10 per cent at leeit, od account of the reiiatanoea at the opening. 

§ 78. Piptty Oonduit J*ipe». — Pipes are usually employed when 
smaller qoantitiea of water are to be brought to supply machines, 
such as the water-pressure engine, and tarbines of very high fall. 
They have the advantage of mach greater pliability than open con- 
duits, bat their adoption instead of open canals, depends entirely on 
local circumstanoes in the question of relative adranti^. 

Pipes are made of wood, of potten, of stone, of glass, iron, lead, 
&c. Wooden and iron pipes are those roost usually employed in 
connection with water-power engines. Wooden pipes are usually 
formed from large trees, because straight pipes of 12 to 20 feet in 
length, and from 1^ to 8 inches bore, or internal diameter, may he 
got from this timber. The bore is generally i of the diameter of 
the tree. Wooden pipes are jointed or connected together as shown 
in Figs. 161 and 162. 
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Fig. 161 is a conicftl mortice with a bindiw ring and packing of 
hemp, or linen steeped in tar and oil. Fig. 162 is a connection bj 



meaDB of an iron double spigot going from 1 to 2 inches into the 
ends of the two pipes. 

Iron pipes are the most durable and most nnirersally employed 
of all pipes. They are cast of any diameter, and have been used 
as large as 5 feet bore. The length of each pipe rarely exceeds 12 
feet, and is less as the diameter is greater. For 8 feet diameter, 
they are about 9 feet long each, in England. To prevent internal 
oxidation, they are sometimes boiled in oil, sometimes lined vith 
wood, or with Roman cement. The thickness of metal must be pro- 
portional to the pressure they have to bear, and to their diameter, 
according to Vol. I. § 283. The jointing of iron pipes is effected 
either by flanges and bolts, as shown in Fig. 168, there being an 
annular packing between the flanges, or by the ipigot ani faucet, as 
shown in Fig. 164, (which is considered the best and cheapest mode, 



when the packing is properly done with small folding wedges of 

hard wood.) ' A collar, or rine, as shown in Fig. 165, is sometimes 

used. The packing is either leather, felt, lead, 

Fig. 168. iron rust, or wood. The more effectually to 

prevent all leakage, there is sometimes a email 
internal ring put in (counter-snnk) to cover 
the joint. A flexible joint, as shown in Fig. 
166, is sometimes necessary (as for crossing a 
river, where it is necessary to let the pipe rest 
on the original bed of the river). Where the pipes are exposed to 
changes m temperature, expansion joints, as showii in Fig. 167, 
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mmt be mtrodaced, tb»t the ezpanrion and contntetioQ of each oon* 
siderable length may not injure the pipes or iointe. The ezpaDsioo 
of caat iron is .0000111 of its length, for each degree of centigrade ; 
and, therefore, for a change of temperature of 50°, or from winter 
frost to summer heat, the expansion would be 0,000558. Therefore, 
for every 900 feet, there is an expanBion and contraction of 6 inches. 
This is to be compentated by aa arrangement, such as is shown in 
our last figure, where the pipe B is movable throagh the water-tight 
stuffing box C. There should be a compensation joint for every 
length of 300 feet exposed to a change of temperature. 

§ 79. Pipes cannot of course be laid so as to maintain a straight 
line ; but rise and fall, and turn from right to left in their course. 
It is a general maxim to avoid all audden changes of direction in 
laying pipes. All bends should be efiected by curved pipes, of as 
great radius as possible, or tbe bore of the pipe should even be 
increased at bends, to avoid loss of vu viva in 
Fii. i«8. the water. When a pipe bends over an eleva- 

tion, as in Fig. 168, there is a disadvantage 
arises from the collection' of air at L, as this 
contracts the section, and would gradually stop 
the flow of water. To prevent this accummatioa 
of air, vertical pipes JiL, called ventUat&rt or 
windpipei, are placed on the summit of tbe 
pipe, throngh which air, or other gases given off 
by the water, can be disoharsed &om time to 
time, by means of a cock, to De turned by the 
inspector of the pipes. To make these ventilators self-actine, the 
arrangement shown in Fig. 169 has been adopted. In this ventdator 
the discharge valve V is connected with a float S 
FiK. lee. of tinned iron, which is pressed upwards as long 

as it ia surrounded by water, and thus keeps the 
valve shut, but falls or sinks downwards when tbe 
space about it becomes filled with ur, and then tbe 
valve is opened to discharge the air. As air ool- 
lects at tbe highest points of a conduit pipe, so the 
sand or slime collects at the lowest points. To 
remove any deposits of this nature, tP<ute-cocka are 
placed at these points, by which the pipe is scoured, 
or separate receptacles for the deposits are attached 
to the pipes, and these are cleared from time to 
time, as may be found neoeBsary. The deposit is 
favored by the greater section of these reoeptaeles, and sometimes 
by tV« introduction of cheek or diviaion plates, whieh still more retard 
toe flow. 

Cocks for fiuthing the pipes are introduced more or less frequently, 
according to the parity of the water, and the rate of flow through 
the pipes, and seldom at less intervals than 100 feet. For ascer- 
taining the point in the pipe where any obstruction baa occurred, 
j/iepometer» (Vol. I. g 844) are very useful. 



PIPES, CONDUIT PIPBS. 161 

For reffulating the discharffo of water through pipes, cocks and 
slidee, ana valyes are nsed* The eflPect of these has been shown in 
VoL I. I 840, ko*' In order to moderate the effects of the impulse 
or shock arising on the sodden closing of a cock, or other valve, it 
is useful to have a loaded safety valve, so placed that it will open 
otttwards when the pressure exceeds a certain limit. 

Rmmrk. The mcwt detailed treatise on the tnbjeet of condvdt pipet, is Genley's **Et$ai 
wmr hi Jtfbytitf <fc coiMlMirv, iikotr, H de dittrUmar la «mx." Matthew's *" HgdnmHoy'' and 
the ** Curii Emgimtr and ArHaUcft Journal^" oontaiii much useful inforiuatioD on this sub- 
ject Haneo, ** Wttmmrbtmkmmtj^ YoL L has a chapter on water pipes. 

§ 80. The general conditions of motion in conduit pipes have been 
already discussed. If h be the fall, and { the length, d the diameter 
of the pipe, C the co-efficient of resistance at entrance, £*. the co- 
efficient for friction in the pipe, and (g, &c., the co-efficients for 
resistances in passing bends, cocks, &c., and if 9 be the velocity of 
discharge, we have : 

and if Q be the quantity of water : 

We see from this, that for carrying a certain quantity of water Q, 
so much lees fall is requisite, the greater the width of the lead. If 
there be two pipes instead of one, the two together having an area 
equal to the one, and supposing each to take half the whole quantity 
of water, the fall necessary is : 

V dy/} /\ * / 2g{d s^iY 

so that in this case the fall is greater, or the head required is greater, 
se that it ia mechanically better to employ one large pipe, than two 
smaller of equal section when united. 

Calculations for whole systems of pipes, where there are numerous 
subdivisions of branches, become exceedingly complicated. The 
case in which water is brought from different sources, and the pipes 
ultimately united, is of the same nature. 

The general nature of such calculations is as follows. If the sub* 
division takes place in a reservoir which has a much ^eater sectional 
area than the main pipe, the water comes there agam to rest, or the 
whole vis viva is destroyed, and has to be acquired again in the 
branch pipes. The same loss of vis viva occurs when several branches 
come together in a reservoir, from which one main pipe carries off 
their waters. In this case, the calculation reduces itself to a sepa- 
rate consideration of each branch and pipe, and requires no ftirtfaer 
elueidation. The collecting reservmr should be, if possible, placed 
at such levels as will ensure the same mean velocity m all the pipes, 
in order that the loss of head or of vi$ viva may be the least possible. 

♦14 
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In the oaM of « simple snbdirision or forky it is mechsntnllj ad- 
Tantageone to make ench arrangements that the water maj move in 
all the pipes with the same velocity. If, besides this, the branches 
be curved off properly, so that there is no sodden change of direc- 
tion in the passage of the water from the main into the branches, it 
may be assumed that there is no loss of head or vii viva. In the 
oase sketched in Fig. 170, let h — the head BC, I the length, and 



d the diameter of t)ie mun pipe, and let h^ « the head or fall D,£„ 
2, the length, and d^ the diameter of the one branch, and d,— D,£^ 
l^ and d^ the fall, length, and diameter of the other branch, and 
also let c, c„ e^ be the velocities of the water in these three branches, 
and, lastly, let C be the co-efficient of reustaoce for entrance, and C, 
the coefficient for friction of the water. Then, for the length of 
pipes ^CEp we may pnt: 

1. f,^._£C+D,B,-* + ».-(t+C.i)i + {l + S.i)'^ »d 

for the length of pipes JiCE,: 

Bnt the qnantity of water Q ■• ^^-— e of the main pipe, is eqa&l to 
thesnmof thequantitiesQ,M-^^-i-i;„and^M -^.p. e, of the two 

branches; and hence we may put; 

8. <Pc— d,'c, + d,»c,. 
By aid of these three ' equations, three quantities may be deter- 
mined. The more usual case is, that of the fkll, the length and Uie 
quantity of water being given, the necessary diameter of the pipe is 
required. If, then, we assume a certain velocity e in the main, we 
get the width of this pipe by the formula: 

d ■• I — -:, and we have then only to solve the eqaations; 

2,(i+»j-(i:+t4)«--(i+{,i)(i^)Ud 
..(»+».)-^..i).-(i+c.i)(i§)-. 
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By transformation, we get Bimilar equations for determining d^ and 
(/y as in Vol. I. §832, viz.: 

,..i + ^..[2,(*+y-(c+r4)..](j^)-; 

we can, therefore, as in Vol. I. § 882, put; 

f./. + rf. /4Qa' 

2^(A + AJ-(f + f,i)c» ^ •* >'' 

and in order to obtain a first approximation to the values of d^ and 
d^, we may omit these from the part under the radical. If c, and c^ 
come out to be very different from c, attention must be paid to the 
co-efficient f ^ beinff variable, and its value for each of the pipes in- 
troduced, and the determination of d^^ and d^ repeated. 

Exanqtte. A system of pipes, to consist of one main and two branches is intended to 
curry 1ft cubic feet of water per minnte by one branch, and 24 cubic feet by the other. 
The levels showed that in a length of 1000 feet of main, the AM was 4 feet, the first 
braneh bad a fiiU of 3 feet in SOO ieet len|{th, and the second 1 foot in 200 feet Wbfit 
most be the diameters of the pipes respectively? If we suppose a velocity of 2} feet 
per second in the main, then its diameter 

drm ^iB / ^ ' ^^ — /JLs 0,5754 feet «i 6,9 inches. If now (according to 
%/«c Wf.60« -J«5ir 

Vol. I. S 436), we put the co-efficient of resistance for entrance (as 0,505, the co efficient 

of friction (Vol I. S 435) for velocity cm 2,5 feet, ^ wm 0,0253, and as 2 g » 64,4, and 

f.j*^ 1,621, we have Ibr the diameter of the branches 

*l 0,0253.600+ 1/. ^^^, ~ 

W 64.4 . 7 — (0,505 + ,0253 . 1738) . y ^^^^ , 

,M 1M8 + I/. ."^3«'f'^-'« + ^',and 
ij45 0,8 — 277,98 *J 1 706 

^ to,U253.200 +i/, ^^^, (t4y^* pg + ^ If we first neglect d, and d, 

• W 322,0 — 277,98 ^"-^ W 169,7 * ' ' 

under the radical, we get the approximate values d, at f-r^ as 0,39 feet, and 

^ I70t> 

. ^ s f 5,06 ^^ 0,495 feet If we now introduce the value on the right-hand side of the 

• 0j 169,7 

wjvatioa, we get more aceuiately rf, «i Jj^ " ^^^ ^^ *"** 

<^iaB L^^M 0,505 feet The diameter cf, a 0,391 corresponds to a velociiy 
«J 169,7 

c.»li.-l-.— ^ ..2,082 feet, 

' •' «rf; 0,39l«.ir ^ 

and the diameter d^ ■■ 0,505 oorrscponds to 

iL»t«^ 1 ««l,907feet, • 
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and hence we thonid have more accurately ibt die fint brenoli pipe (« nm 00863, and foe 
the other (.^ 0,0270, and hence with the best accuracy which the formula admitB 

j^ « 70.0263. t>00 + 0,391 ^ M l6,171 ^ ^ 3^^ feet-4,7 inches, and 

#J 17U6 i j 17U6 

« M 0.0270.20O + U,6O5 _*p;9O5_^^,, feet«6.l3 inohea. 
J 169,7 ^/ 169,7 



-^a 



CHAPTER IV. 

OF VERTICAL WATER WHEELS. 

§ 81. Water Power. — ^Water acts as a moving power, or mone$ 
maehine9 either by its weighty or by its tfis vtvo, and in the latter 
case it may act either by preMure or by impact. In the action of 
water by its weight, it is supported on some surface connected with 
the machine, that sinks under the weight ; and in the action by its 
vi» viva it comes against a surface yieliUng to it, in a horisontal 
direction generally, which is, in like manner, an integral part of the 
machine. If Q oe the quantity of water for Q y the weight of 
water) available as power, per second, and A. the faU, or the per- 
pendicular height through which the water tails in giving out its 
mechanical effect, then the mechanical effect produced is : L^ Qy . 
A M Q A y. If, again, c be the velocity with which the water 
comes upon any machine, the mechanical effect produced by its vii 
vivay is : 

2g 2g 
That water may pass flrom rest to the velocity c, a fall, or height 

due to the velocity A m— - is necessary, and, therefore, in the second 

instance we may also put L^ h Qy. So that the mechanical effect 
inherent in water i$ the product of ite weight into the height from 
which it falls J as in the case of other bodies. 

Water sometimes acts by its weight and vie viva simultaneously, 
by combining the effects of an acquired velocity e, with the fall h 
through which it sinks on the machine. In this case, the mechanical 
effect produced is again : 

The mechanical effect Pv yielded by a machine is of course 
always less than the above available mechanical effect Q A y ; be- 
cause many loeeei occur. In the first place, aU the water cannot 
always be brought to work ; secondly, a part of die fall is generally 
lost ; thirdly, the water retains a certain amount of vie viva after 
having quitted the machine; and, fourthly, there are the passive 
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resistances of friction, &c., interfering. The efficUney of a water- 

Pv 
power machine may be represented by ^ m ^ , and the merits of 

different machines are proportional to the approximation of this 
ratio in their case, to unity. 

From the general formula Lm^ Q A y, it is manifest that fall and 
quantity of water are convertible terms ; so that, by doubling the 
height of a fall with a given quantity of water, we have the same 
power as by doubling the quantity of water, and retaining the ori- 
ginal height. 

Eaeampk. There is a fall or 10 feet yielding 12 cubic feet of water per second. The 
machine nses only 8,5 feet, however^ an<l the water leaves it with a velocity of feet 
per second, and the friction is ascertained to be 750 feet lbs.; required the efficiency of 
tliis machine. 

The available mechanical effect Xb 12 X 10 X 62,5 a* 7500 feet lbs. (Pruss.), and the 
effect of the fall used a 12 X 8,5 X 623 at 6375 feet lbs. The mechanical effect lost from 
the vU VIM retained in the water leaving the machine is 0,0165 x 9" X 1 ^ X 62,5 as 94 1 ,2 
feet lbs. ; and the mechanical effect consumed by fViction at 750 feet lbs.; and, therefore, 
the useful effect of this machine Pv as 6375— (941,2 + 750} 8 4683,8 feet lbs., and the 

efficiency » 1^!M «. .624. 
' 7500 

§ 82. Water Wheels. — The machines used as recipients of water- 
power, are either wheels, (water wheels, Fn rauet ht/drauliques ; 
6er. Wa$$errdder;) or engines with pistons, water-prenure enginery 
(Fr. maeJdneM d eohnne% JCeau; Ger. WmsersdulenrmaBchinen.) 
Water wheels are essentially '^ the wheel and axle," with water as 
power. Pressure engines consist of a column of water, pressing on 
a movable piston. 

Water wneels are either vertical^ the axle of the wheel being hori- 
zontal, or they are horixowtal, the axle of the wheel being vertical. 

Vertical water wheels, concerning which we shall first treat, are 
either overshot, (Fr. roties en des9u$; Ger. Oberschldgigej) or breast 
wheels, (Fr. roues de c6tS; Ger. MAtelschldgigey) or undershot, (Fr. 
roues en deeetie; Ger. UntereekUigige,) The water comes on to the 
wheel near the top or summit, in overshot wheels ; near the middle 
or level of the axle, in breast ; and near the bottom in undershot 
wheels. In the first, the water's weieht is chiefly the source of 
mechanical effect, whilst in undershot wheels it is the inertia of the 
water, and in breast wheels, the weight and inertia both that are 
usually effective. Undershot wheels sometimes hang freely between 
boats in a wide stream, and sometimes in a confined course, which 
is either straight or curved. Breast wheels are generally hung in a 
curved channel or course. It is, perhaps, necessary to distinguish 
from the above-named vertical wheels, Poncelet's wheel, in which the 
water act« by pressure in its ascent and descent on curved buckets. 

§ 83. Bucket Wheels. — All vertical water wheels consist of an 
axle of wood or iron, with two journals or gudgeons— ^f two or more 
annular er&ums or shroudings--^ a set of arms connecting the 
shrouding, with the axle, and of a series of cells or buckets between 
the shrouding — ^and, lastly, of 9k flooring ^ which reaching from crown 
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to crown on tKeir under side, forms a close cylinder. The buckets 
divide the annular space bounded by the shroudings on the flooring 
into a series of compartments, whicn, when the buckets are placed 
more tangentially than radially, form waUr troughs or eelU. This 
latter is the general construction of the buckets of overshot and breast 
wheels, which are thus distinct from the simple floaU of undershot 
wheels. For overshot wheels, the water is led on to the wheel by 
a trough or channel having a regulating sluice, and falls thence into 
the second or third cell from the summit of the wheel. If, then, 
the wheel be once in motion, each cell gets partiaUy filled with 
water as it passes the discharge of the water trough or lead, and 
retains the water till near to the bottom of the wheel, when it falls 
out, so that there is always a certain number of cells filled with 
water on (me side of the wheel, and this keeps the wheel continuously 
revolving. Overshot wheels have been constructed for falls varying 
from 8 to 50 feet, and sometimes even up to 64 feet in height, and 
for quantities of water varying in every degree up to 50 cubic feet 
of water per second. It is often more advantageous to put up two 
or three smaller wheels, than one very large one ; for the weight of 
the parts becomes inconvenient. 

ThefaU of a water wheel should be measured as between the «iir- 
face of the water at the pentrouahj or regulating sluice, and the sur- 
face of water in the tau race, the depth of which latter will depend 
of course on the quantity of water, and on the breadth, and the 
inclination of the race. In order to lose as little of the effect as 
possible, the bottom of the wheel should be as near as possible to 
the surface of the race, so that the height from the surface of water 
in the pentrough to the bottom of the wheel may also serve as a 
true measure of the he^ht of fall. If there be any risk of baek^ 
water in the race, the wheel must be hung at an extra elevation ac- 
cordingly. 

§ 84. Oonstruction of Water Wheels. — Water wheels are made of 
wood or of iron, or of both these materials combined. The manner 
of uniting the axle and arms together is various. In the case of 
wooden wheels, they are either strapped or bolted on to the side of 
a square axle, as shown in Fig. 171, or they are let into the axle by 
morticing, or passed through it. The latter construction is bad, 
and only applicable to light wheels. The arms of the framed wheel, 
Fig. 171, may be strengthened by braces or auxiliary arms. Such 
wheels of 20 to 50 feet diameter are erected for pumping water, for 
driving ore mills, &c., in the Freiberg mining district. A is the 
axle, B and C are the journals or gudgeons, vEj FG^ fcc, are the 
main arms, HMy HL are the auxiliary arms ; DFG^ and D^Ffi^ are 
the shroudings of the wheel ; K is the pentrough end. The crowns 
are two rings of wood composed of 8 to 16 pieces of 3 to 5 inch-thick 
segments. The whole is put together with screw bolts. There are 
cross tie-bolts for uniting the two crowns. The interior of the crowns 
are grooved out to receive the buckets. The open wheel JV* is a part 
of the mechanism for transmitting the motion. 
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Fig. in. 



Fig. 112 a an iron water wheel. Cast iroo diacs, or navet BD, 
are set on tbe axle ^C, and to these the arms are attached by bolts. 
An intermediate ring or crown is introduced when the wheel becomea 
more than 7 or 8 net wide, and this has either a separate set of 
arnifl or diagonal arms, as shown by BG, kc, brought from this to 
the nave of the onter crowns. Through-bolts are introduced to bind 
the whole firmly together. The prime mover in the train of me- 
ohanbm is often, as shown in Fig. 172, a toothed wheel, forming 
the periphery of an ontaide crown ELF, and this works into a pinion 
on a lying shaft JIfJV. In practice, this pinion should be rather 
below than above the level of the axle, and on the side on which the 
wat«r is. The buckets are of theet iron, and bolted to riba of 
angle tron, coat an the inner surface of the crowns, or fastened to 
them. 

$ 85. JHrnentiont of Partt. — The axle, the gudgeons, and the 
arms of the wheel, must have dimensions proportioned to the weight 
and power of the wheel. To find these, the principles and rules of 
the third section of the first volume are to be applied. The dimen- 
sms of the axle may be determined either in reference to the mo- 
ment of inertia of the wheel and tbe resistance to torsion of the axle, 
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Fi(. 179. 



or in reference to the weight of the wheel, and the reaistAUce of the 
Axle to trsnsTerBe strain. In Vol. I. g 211, it has been shown, that 
in the case of a solid roqnd cast iron axle of radius « r, acted upon 
by the statical moment of an effort P equal to Pa, that Pa ■• 12oQ0 

r*, where r and a are expressed in inches. Hence r * I 

inches ~ the radius of axle; and if a be expressed in feet, then the 
diameter of the axle 



■:h 



12 Pa m Pa 



12600 
But the mechanical effect corresponding to the moment Pa, u, being 
the nomber of revolutions of the wheel per minute, is 

■ P -sjT- f^^t Ihs., or, in horses' power, L ^ " . — , 




But for greater security, we generally mak* d m 6,12 I— inches. 
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If the axle be square, the side of the square 
$ — I — ^ . d mm 0,94 d, i. e,, s « 5,75 f — inches. 

If the axle be made hollow, the formulas given in Vol. I. § 209 
and § 210 are to be used with the above co-efficients. Wooden 
axles should be from 8 to 4 times as large in diameter as iron axles. 

If the toothed wheel, transmitting the power of the water wheel, 
be an integral part of it, as in Fig. 172, the axle undergoes a less 
torsion-strain by the moment of the power, and, therefore, its dimen- 
sions should be determined in reference to the weight of the wheel. 
For this we may make use of the formulas given in Vol. I. § 202, 

Q ^llh _ ^\ .. ^hhP^ in which we substitute for Q, G the weight 

of the water wheel, c the breadth of the wheel, / the length of the 
axle, and l^ and /.the distance of the centre of the wheel from the 
two gudgeons. Hence for a square axle; 



A-& 



3l6G//,/. c\ 

^-K-yi — 8/ 



K 

And if for _ we put 1000 lbs. as a minimum, and expressing /, /^ 

and l^ and c in feet, we get for square cast iron axles: 

s - 0,229 M G (\ili — I) inches, 
and, on the other hand, for round cast iron axles: 
ci. .;||. 1,198 .6-0,272;j^^-|). 

Wooden axles must be made at least as large again. 

The diameter of the gudgeon d^ is deduced from the well-known 

formula given in Vol. L § 196, P/ — ^ ^ £, substituting in it for 

d 

r « -^ , and I the length of the gudgeon, which is generally about 

equal to if^ its diameter. Hence we should have for the diameter 

— -^ • P, for which we may put in practice d^ ^ 0.48 v^P, 

P being the pressure on the gudgeon. Buchanan's rule is d^ «« 



t. 



0,241 v^P inches. 

The arms of the wheel must evidently be of strength sufficient to 
resist the moment of rotation. If this moment be acain taken ^ Pa, 
and the number of the arms in each set of arms of the wheel ■■ n, 
so that for a double set of arms the total number of arms ■• 2 n, 

Pa 

then the moment which a sbgle arm has to resist •■ — . . If, now, 

2n 

h mm the breadth, and h the thickness of an arm, and if the length 

of the arm be equal to the radius of the wheel «■ a, then, from vol. 

VOL. II. — 15 
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Pa K 

I. § 196. we have — a bh^ _, or, as b is made ■- mhy or, in iron 

2n 6 

Pa K 

generally, ^ hy and in wood, f A, i. e., ^- ■• mh^ -p and hence the 

thickness of the arms sought, measured in the direction of the plane 

of revolution, is: A ^ ^ I ^. If we introduce the efiTect, and 

\ mnK 

number of revolutions of the wheel, then, for cast iron arms, A 
B 10,4 ^ I — inches. And, as the diameter of the axle was found 

d «a 6,12 f£, we have also A » -^-=r, or - — -L. and, there- 

fore, for 4, 6, 8, 10, 12, 16 arms, the values of ^ - 1,08, 0,94, 

0,85, 0,79, 0,75, 0,67, and from A, we deduce the breadth 6, mea- 
sured in the direction of the axis. 

For wooden arms A ^ 18,6 I — , and hence we can deduce 

6-;jA. 
According to Rettenbacher, the number of arms in a set, or to 

one crown (of which there are> always two at least), is n ■■ 2 f - + 1 j. 

If a wheel be 8 feet wide, or wider, the number of sets of arms 
should not be less than three. 

Example. A cnxt iron wnter wheel, weighing 35.000 lbs , gires an effect of 60 horse- 
power, making 4 reyolutions per minute; required, the dimensions of its principal parts. 

The diameter of a solid axle is (/■tt6,12 /L!-aB 13|2 inches, and that of its gudgeons 

C/.3B 0,048 /i^^»6i inches, which might be made 7 inches. Buchanan's fbr- 

*J 2 

mula gives (/, as 0,241 v 17'')(X)ai6i inches. For the arms, supposing two sets of 

-12 each, the thickness A m» ' ^ * ■ i 10 inches nearly^ and the breadth d as I 10 

mt 2 inches (A being in the direction of the plane of revolution). 

§ 86. Axlet and Ghidge<m$. — ^We must make special allusion to 
the manner of putting the gudgeons in the axles, and to the plum-- 
mer blocks on which they rest. For wooden axles, oak, or larch, or 
beech, answers exceedingly well. They are dressed into polygons, 
when the arms are to be framed on the axle, and they are squared 
when the arms are to be morticed through, or into the axle. The 

Fig. 173. Fig. 174. 
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tns we either Bpiked in, as ehown at Z, Fig. 178, or they are 
ooMd, as shown in Fig. 174. Also, plate or flat ends are used, as 
in Fig. 175 (and these are the most common), or rings, as at Fig. 
176, or compooDd gndgeo&s, as at Fig. 177. To' strengthen the 




neck oF the axle, to prevent its splitting, it is dressed off conicallr, 
and three iron rings, ^ to ^ inch thick, and 1^ to 3 inches broad, 
are driven on while hot. The plates in the flat gudgeon ends are 
ftom 1 to 3 inches thick, and about an inch narrower than the 
diameter of the axle. The ring attachment is convenient, when a 
qtor wheel is to be placed at the neck of the axle ; the oompoond 
gudgeon is applied when much vear is anticipated, because the end 
plates are easily removed and renewed. Cast iron axles are either 
nollow or solid, either round or polygonal in section, and sometimes 
r&bed or feathered to increase their stiffness. 

For solid axles the gudgeon is senerally in one piece vrith the 
axle. Fig. 178 is a simple round a^e. Fig. 179 is a feathered axle, 

Fig. 178. Fig. ISO. 




and Fig. 180 is Uie end of a hollow iron axle, with a gudgeon put ' 
ia, and an arm plate or nave set upon it. 

The gudgeons rest on supports termed plantmer* or plumbing 
blocks, which, to afford a permanent seat for the wheel, are placed 
on sabstantially founded walls. The plumbing block is lined with 
a brass or other movable seat for the gudgeon. These seats are 
either of brati (hence termed generally bnuieg), or of gun-metal (8 
parts copper, 1 part tin), or of white metal; sometimes they are of 
wood, though seldom. 

The gi»^e(Hw rest on a wooden block in Fig. 171. Fig. 161 is a 
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simple, tmeorere^ cut iron bktcfc. Hg. 182 is an opea block, iriih 
a metal seat, or lining, and Fig. 188 is a close or coTered block iridi 

F>g.lSl. Elg. ISS. Fig. 183. 

A >ft^ ,.^ 

metallic lining. Tbe plnmbing blocks are bolted down b^ means of 
bolts and sole plates to the woIIb or beams on which tbe wheel is to 
rest. The cover of blocks is always provided with a hole, through 
which grease can be supplied. The inside of tbe cover is sometimes 
grooved, bo that the grease diffuses more readily over the gudgeon. 
And, wherever it is desired to rednce the resistance from friction to 
a miaimam, a grease cup, affording a conttavt tupply, is placed in 
communication with a hole in the plnmbing-block cover. 

S 87. The Proportion* of Water WJteeh. — Tbe first or mun ele- 
ment of a water wheel is the velocity of the circumference v, or the 
number of revolutions «. It will be seen in the sequel, that over- 
shot wheels should have m 
y. jg^ very small velocity. Many 

* wheels have a velocity of 10 

feet per second, but 5 feet is 
more suitable, yet nnder 2^ 
feet is not advisable. Tbe 
velocity c of tbe water enteiv 
ing the wheel, should depend 
on the velocity of tbe wheel, 
and is either equal to this, 
or greater in a certain pro- 
portion. For creating the 
velocity c, a fall or height of 
head, ^B (Fig. 184) - A, 

_ — is necessary, leaving 

of the total fall JlF-m A, oalj 
tbe fall on the wheel — BF 

As even in the case of the moat perfect discharge, 6 per cent, of vm 
viVa is lost, it is advisable to take it as 10 per cent, in this case, 
and, therefore, to pot the effective fall required to bring the water 

on to tbe wheel with suitable velocity A, — 1,1 . ^, and hence A, 

mi h — 1,1 . — From the fall on tbe wheel h*, we deduce the 

semi-diameter of the wheel CF— CS— a, by assuming the angle 
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SCD » e, by which the point of entrance of the water D deyiates. 
from the siunmit S as given. 

Then A, — CF+ CB ^ a + acos. e ^ (1 + cos.e) a, and hence, 

A — A 

inyersely, a > . From the radios of the wheel a, and the 

1 « eo$. e 

velocity r at the circumference, the number of revolutions per 

. ^ BOv 
minute u ■■ . 

When tf is given, we can determine a and v. As f » ^^« and 
o 7 80 

Cat s ----, in which s is a given ratio -, we have: 

(l + «...)._»_Mx('-^-)', 

* — 0,000193 (mudf , ,, , ,. - ,, . , 

and hence a aa 1- ^ L and the solution of this quad- 

1 + CO*, e ^ 

ratic equation, gives : 



1 ^ v/0,000772 (» tty A » (1 -f co». e)»— (1 + eo$. •) , 

"^ 0,000386 (« i^f ' '''''^ 

hence: 

2. t?-!^"*- 0,1047. tto. 

£MNqife 1. For a ftiU of 30 feet, a wheal is to be oonttnicted to hnve 8 feet velocity 
at dicamference, and taking on the water, at 12® from the summit with twice the abovd 
▼ekxsitjr. What is the ladias of wheel required, and what the number of revolutions? 
CHi2 X 8» 16 ^«ct> and l^^uce A,aB 1,1 x 0,0155 X 10taB4,36 feet, and 
JO-Jje 2W_ 30X8 ^g 

l-l.ciM.120 1,978 ' " •X»8.9 

■B BB wyle-g. If, inveneljT, the number of revolutions be 5, then lor the above fall, and 
other pioportions a « 2, and the rad ius of the wheel : 

fl_^ \A,316 + 3,9125^ 1,978 ^ 0,5177 _ ^^^ 

555386 ' 0,0386 

A^gain, the velocity at the circumference vss 0,1047 X 5 X 13,41 hb 7,02 feet, the velo- 
city at eotianoe mi 14,04 feet, and lastly, the height of fall due to this latter velocity mi A, 
IB 1,1 + 0,0155 X 14,04'-* 3,47 feet 

§ 88. The proportions of the wheel, in reference to depth of th^ 
shrouding and width of the wheel, are important. The depth of the 
crown (or iffoter space) is made 10 to 12 inches, and sometimes even 
14 to 15 inches, and this proportion is chosen, because the water in 
a wheel with ihaUata shrouding, acts with greater leverage than it 
would do on a wheel of equal radius with deeper crowns. As to the 
width or breadth of the wheel, it depends on uie cajwcity to be given 
to the wheeL If (2 be the depth of crowns, and e the width of the 
wheel (or distance between the internal surfaces of the crowns), then 
the section of the annular space above the flooring of the wheel is 
B <Z «, and if v be the velocity at the middle of the crown's depth, 
the capacity presented to the water, per second, is d e . v. But 
this cannot be considered equal to the quantity of water delivered 

16* 



174 FOKM OF BrCKETB. 

on the wheel, hecRtise & certain portion of thia oapaeltj is t^en op 
b; the substance of the bnckete, and it is also inexpedient to fill np 
the backets to the hrim. Wo nast, therefore, pot dev^i 9? in 
which equation « > 1 ; (is OBoally ■■ 8 to d, the former when tlie 
buckets are filled rather in excess, the latter when the; are dcfidoitly 
filled. The width of wheel is, however, now determined: 

._ i«, or »,_ :;^, hence ._ ?iL5 _ 9,65 -L« 
dv 80 ttuad uaa 

and taking * ~ 4, then e ■• 88,2 —L-. That wheels of jety great 

diameter may not be too narrow, it is advisable to assume *«5. 

The nnmber of buckets n is another important element in the 

constmction of water wheels. The more cells there are, the longer 

will the water be retained on the wheel. But this number has its 

limits, because the buckets occupy space, taken from the capacity 

of the wheel, and the more the capacity is diminished for a given 

quantity of water delivered on the wheel, the sooner the water will 

leave it. Ae iron, that is sheet iron buckets, are much thinner than 

those of wood, we may adopt a greater number of iron backets, than 

we should do of wooden buckets. We may fol- 

Fig. ISS. low the rule, to place the buckets at such a 

distance from each other, that at that' point 

where the wheel begins to apUl, or lose its water, 

the backet next above, ^BD, Fig. 185, shall not 

dip into the water of the one below at B, for if 

we put the buckets closer than this, the upper 

bncLet diminishes the capacity of that under it, 

and so what we gain in one respect is lost in 

another. The nnmber of buckets is generany 

made n b 5 a to 6 a, or according to I^ngsdorf 

n » 18 + 8 a; in which expressions a is the radios M the wheel in 

feet : or the distance between any twf buckets is made — 7(1 + ^~\ 

inches. From the given, or thus found number of buckets n, we 
hare the angle of subdivision p, i, e., the central angle between two 
at^acent buckets, fim. 

fannpJt. Suppoae an orerahM whsel of 19 feel ndiiu, liBTing 1 foot depth of crovn 
■ad nking 10 ciMc feel of irkler per lecoDd, makei it rerolutioiu per minuUi, tlie tmik 

of (be wheel iruM be 38,3^^ ^ — w 5,1 feet, end ih distance between two bockeu k 

3. «. 15.13 



w be 1 A + 1^) ■■ V '^ >°°^*'^ ''■■°" ■'^ "■^'>«'<^'>*^***'' 



■•73, oi 73 fbr the mkt of sMiei diviiion of the drde. The angte of luLiliTiMcm U 



I 89. Form tf Buciett. — The form of the coUs w buckets is of 
much consequence to the efficiency of water wheels. The buckets 
moat have such form and position, that the water may enter froely, 
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n ID tli«ni to u nwr tbe bott<»n of the whMl m poniUe, but 
BO forAw. By tlw ruiom forme adopted, these requiretoeatB are 
mote or lew perfectly fulfilled. The two requirements are in fact 
often, to » oertain extent, incompttible ; for if the cells be made very 
close, the entrance, u well as the exit of the water, becomes muon 
impeded. If the buckete be merely plane-boards, as shown at ^D, 
Fu. 186, the entrance of the water is quite free certainly, but then 
it leaves the cells too soon, so that there is a 
mat loss of mechanical effect. To prevent Fig. iss, 

^is too early loss of water, the bucket would 
have to be Terr long, and the angle ^DE, at 
which the bucket inclines to the radius CE, 
very large, i. e., nearly a right angle. As this 
is a practical difficulty in conetmction, it is pre- 
ferred to make the backet in two parts, or by 
a second piece DB, to give tbe bucket a bottom , 

or flooring of its own. Tbe bottom DB is 
sometimea termed the start, or tkotiXder, and 
the outer piece BA, the arm, or wrUt. Tbe 
former is generally placed in the direction of the radios, sometimes 
at right angles to the outer piece, or arm. The circle passing 
through the dhow B, made by the junction of tbe shoulder and arm, 
is termed tbe divinon circle. In the older construction of lAeds, 
this circle ia generally found placed at \ of the depth of the shrouding 
from the interior, or the sole of the wheel. As, however, the capacity 
of a cell is greater tbe wider the ahoulder-blade DB (Fig. 187) is, or 
tiie greater Uie angle ABE (which we term the elbt^ aitgU), we now 
ueually find tbe division circle in the middle of the depth of the 
shrouding. The capacity of a cell will then depend only on the 
width or position of the arm. The simplest construction of buckets, 
is to make the end A of the arm AB start from tbe prolongation of 

Rr. IB'. Fig. 188. 



the shoulder next above it i>iB„ or, by letting the arm be included 

between the udes of the division angle P a . But this eoo- 

stmction does not close or cover tbe cells sufficiently, except for very 
sbsllow shrouding, and, therefore, the usual plan, for wheels up to S5 
to 40 feet diameter, is to let the arm extend over J of the dimension 
angle, or the arc EA is made * J EE^, Fig. 188. From the radius 
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CA B a, and the central angle ACB ■■ ^„ indoded by the armt ire . 
can easilif find the elbow angle ,^BE * i. In the triangle ACB as 

CJJ- C£ — B£-fl_s. then: 



—Tf • - — r • 

^-a (!-<»..(,) 

ErompJt. A 30 feel whMl, ihronding 10 inchu deep, ii to hsTe (accOTdint to Xima^ 
ilotr'a rule) 18-}- 3 X IS^eS buckets, or, nj 64, nml erch ii to Biteml OTer { of tbe 
(tiTJBkin an^le. WhHI will be Lhe «ltiow anKle! We have: 

«— «_^y — 51", lieno(.« — Jx Y — ' Vr" ~ ^''' ''■ '*^'' '• ■"** 
15»».». 7°,l'.av".5 36 ■ 0.13841 4.4067B 

""*■ ""^*,— is(i— n»i", 1', 52", s)"*! — aexffloi&s "u,7aW8' 

hence l~bu°, 30'. 

I 90. The position of the arm of the bncket may likewise be de- 
termined, by adopting as a rule, that the least section of a cell shall 
be somewhat greater than the section of the water coming on to the 
wheel. If the cells come exactly under the water-^et, then this con- 
struction wonld permit the water to enter freely, and the ur to 
escape unhindered. This may be done as follows. From a point of 
diTision B^, Fig. 189, in the division circle (or 
f^- 189. lijig qf pitch of the buckett) with a radius greater 

by one or two inches than the thickness of the 
water-jet, or layer, describe a circle, and from 
tbe next adjacent point of dirision B, draw a 
tangent BA to this circle. This is the position 
of the arm of the bucket required, for tnen the 
least width B,JV of the cell ABD^ is equal to 
the radius of that circle. But in order to de- 
termine tbe thickness of tbe layer of water 
coming (from the pentrough) on to the wh'eet, 
we must know tbe fall h, from the surface of the water in tbe pen- 
trough to tbe point £,*'V; also the quantity of water, and the width 
e of the wheel. As Q^ die -yigh^, therefore, the thickness in 

question d, b " , and to allow of free escape of air, we make 

e y/2gk, 

d,-* B.y^ .(• 1 or 2 inches. If equal spaces for the exit 

e ^2gh^ 

?&ter be allowed, then d, =_ , 

be the equation to be satisfied. 

Buckets in three partB, as ABSD, Fig. 190, gire, exterit paribut, 
more capacity than those in two parts, without any greater contrac- 
tion. There is, therefore, mechanical adTsutage in thu form, though 
it be more expensive to execute. Curved backets are best of all, as 
shown in Fig. 191, and this is the great advantage of sheet iron, to 
which this form can readily be given. If the section of backet is to 



be compOBed of two segments of circles, then it ia only necesssry to 
find the position of the arm of a backet, by any of the pl&nes above 



fpTen — at it« bisection M (Fig. 1(^1), to erect a perpendicular, and 
^m any point at will to describe an arc with the radius OB, and 
from any point K in it, to describe another arc to complete the bucket 
^BD of a suitable form. 

E x am p k. If, in ibe wha«l oTmu' ennple id { 88, ibe jet or layer of water M\a^ on 
tbe wheal baa 9^ reel Ml, iben ai: 

Q_ 10.^.-5.1, rf._2ll?::i^.L««. 0.157 ftel. 
5,1 . ^4,b 8,0M 
If now we allow an equal thkknrai fbr ihe eiii of ihe air, ilien the 1mm dimuiceoTtwo 
bMkeu beeoniM 0,314 feel, or 3j inctiu. 

Jbawrt. To And the etbow angle 1, in ihnt construction of bucket wbicb it b«*ed on 
ike lUekiMw of tbe hfer oTwaier, let ui put: 
t^lW — CBJ^ieCfi — CBB. — S.BJ^m \80'~ ho — Vj — t^W+t — f, 

huttm.^^--—^ 1— —.when i, is ibe IcMt ditianee between two buckets, and 

■ 2 
a, Ibe radius of the timim cirtU. For the last example, B^'-", d,tB 0.314, a,ial4,3 
0.314 



fee^ hence sm. f ' -_rll^ — 0,2483. hence f » 14". Sy, ami » — »" 
^ ^ 99 Ml ■iV' MBS ' ^ 

+ii», 30'— uoay— ■J8", tf. 

§ dl. Sluicet, Pentrooffhi, or Penatoeit. — The method of bring- 
ing the water on the wheel is 

of no small importance. Either ^- '"' 

the water falls freely out of the 
lead or trough, or it is pent op 
by a Bloice, or pentrongh, or 
penstock, before entering the 
wheeL In the former case, the 
Telocity of entrance depends 
on the inclination of the trough 
or the heig^ of fall. In tiie second case, it may be regulated by 
a^instiBg tha height of head created, and, therefore, Uiis Utter 
method should be preferred. Fig. 192 shows a trough without a 
regulating sluice; but there is a watte board at F by which the 
quantHtf of water can be regulated. If the water flows along the 



trough with a Telocity e^, and if the fall from the end of it to the 
centre of the cell » «„ the velocity 

c - •SjJ. + c,' _ J2 , J, + (I)', 

if Q be the quantity of water, and F the Bectional area of the water 
coming on the wheel. 

The penstock {Fr. vannea; Ger. SpanntehUze) is either vertical, 
horizontal, or inclined. Fig. 198 riiowB the arrangement of a hori- 



zontal sinice, and Fig. 194, that of a rertical sluice. The oonstroc- 
tion of inclined sluices as shown in Figs. 195 and 196. The one, 



Fig. 195, is the arraDgement general in the Freiberg district, the 
sluice being raised and depressed by means of a screw S. In Fig. 
196, a simple lever is used for these purposes. It is a general nue 
for these penstocks, to make them as smooth as possible inside, and 
to round off the edges of the orifioe, so as to adapt it to the form of 
the contracted vein, that the restBtance may be the least possible. If 
the water, after passing the sluice, fall quite freely, and if we can 
place the plane of the orifice at risht angles to the jet of water, it 
becomes then advisable to make the orifioe aa in a tAm ptate^ bat 
in that case, care most be taken that partial contraction does not 
occur, for this gives rise to an obliquity of the jet (Vol. I. § 319). 

In the discharge from penstocks, the velocity of discharge ia de- 
duced from the height A, by the formula if, — t ^2^A„ and if t, 
be the height of fall after passing the orifioe, to the centre of the 
cell, then the velocity of entrance c— v^(;,*+2 gl^^ v^2g (♦* h^ -t- AJ. 
If we take the velocity co-effieienttK 0,95, then cb ^2^ (0,95 A, -(-A^ 
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We we from this, that for eqnal falls the Telocity of entrance must 
be very nearly eqaal, whether it flow on freely, or be discharged 
from a slnice, on to the wheel. 

§ 92. That the water may enter nnimpeded into the wheel cells, 
it most not come in contact with the bucket at the outer circum- 
ference, bat nearer to the inner circumference or bottom of the cells. 
Hence, not only must the outer edge of the buckets be sharpened 
off, but the layer of water AC, Fig. 197, 
must be so directed that its yeiocity may f's '!"- 

he decomposed into two others, one of 
which is in the direction of the velocity of 
the wheel Av « t>, and the other in the 
ctirection AB of ^e arm or toritt of the 
backet. As we may assume the direction 
of the outer element of the bucket — the 
Telocity at the outer circamference of the 
wheel V, at right angles to the radius ^0 
of the wheel— and the velocity c of the 
water eoming on to the wheel, to be given, 
we shall have the required direction of 
the Trater layers if we draw through v a 
parallel to AB, and with c as radius, 

describe an arc from A as centre, and draw from A to the inter- 
eectioD of the arc with the parallel, the straight line Ac, or by calcu< 
lation as follows : 

The angle which the velocity v of the circumference makes with 
the outer element of the backet w9JB » v AB — ti may be deduced 
fh>m the elbow angle ABE « e, and the division angle ACB « 3, 
by the equation i^ACB-\-BAO»st^ + W — t, and hence t— 90» 
— {« — ^)- 

From t, f »nd « we haye the angle c AB — 4, by which the direc- 
tion of the layer of water must deviate from that of the arm of the 
bucket, in order that the water may enter the cells unimpeded : for 

■ . ' * B -, and, therefore, 
•in. t c 

«i. 4 « ^ "'"■ ♦ . «"""•(»-£.). (See Vol. I. § S2.) 

Agun; the angle e Affot the direction of the water layer to the 
horizon, isvjaBt — 4 + 8,6 being as aboTe the angle AOS, by 
which the point of entrance of the A water on the wheel, deviates 
from the summit S. 

The relative velocity Ac^ » c, with which the water enters the 

„ . e am. (*-^4) 

cells IS c. M -il — i-'. 

«m.f 

Ennf^If. SappuM « water wheel, the velocity bi ihe circamrerence at which v ^ 10 
f<>M,ibe vefcwitjror tha waier «^lfi TaM, (he elbow angle ^70}°, the divition angle 
t,^A\*, and tba poiolof sntnnaaor ilw waler deviiiM 13° ftom tbeummit: ihen 
tMg(P_(TO(°— 4i°}sa4°, and, therefore, m. ■f._|| m. 34''K0,3Tlie, hence 
4 ■■ 1S°, AA'. ThiM, that the water mv enter naunpeded, the demiion of the lajrsc 



muit bs lSj° trom ihal oC ih« nrm o 
DBiion 10 iho horizon, or T,K 24° - 
,,_li^fL!!li^_ 5,303 foeu 

RoHOTk. Il i* gen«ra1t|r con>i<1ered, in oMor work* on thU wibjact, that (he wxer layer 
ibouklmftrdbtKdkfdm lit ttuKlion «f iht ant of thtbmdat i bal tbii rule ii oolrirno when 
11^0,01 1 — Si^90°, and tkat cata ttaar occur. Tba dsTiaboD ^ u of courae -nrj 
amall Ibr ■ wheel revolving tlnwly, but never to ain&ll u loallowof ouiaaauming itai 0. 
When ihe water enterj in ihe dirediun of the ouler elemeni of the bucket, the buoket 
■irikes iMpunii ihe water, and throws it btftna il with a Telocity 9 tint. ^ by wbieb Mt 
taa il kicl, and water ipilL 

§ 9S. That the v&ter may resch the wheel with the direction 
required, either the slaice'Openini; is laid close op to the point at 
which the water is to enter the wheel, and the stuoe is set at right 
angles to the direction of the 
Vi%. I9S. layers of water, or an additional 

trongh is laid in the reqnired 
direction of the layer, or the 
sluice is so placed, that the 
direction of the parabolic curve, 
formed by the water in its free 
I descent, may be that required. 

The Fig. 198 shows the pen- 
trough need in the Freiberg dis- 
trict, in which the bottom piece 
BD, and the lower part of the 
sluice-board, are set obliqaely to 
the direction of the water layer, so that each makes an angle of 
abont 14}° with the direction of the axis of it 

In order to find the direction of the 
^^- "8- sinioe-board, when part of the water 

falls freely into the wheel, we have to 
recur to the theory of projectiles, 
given in Vol. I. § S8, &c. From the 
TeIo<aty Acw^c, Fig. 199, and the 
angle of inclination RAM^ ►, of (he 
required direction of the layer to the 
horiton, the vertical co-ordinate MO 
of the apex of the parabola is : 

X, B — „ ' *' , and, on the other 

hand, the horisontal co-ordinate : 

2j 
If, now, we wish to place the slnice-aperture at any point P of 
this parabolic curve, and if we know the height MJf — a, of this 
point above the point of entrance A, then for the co-ordinates of 
this point OJV* v a, and AT* b y, we have the formulas : z^ x^ — 
a, and 



>-»'^7r''^k 
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utd for the angle of inclination TPJV « *, which the parabola m^ea 
with the horiion on this point, 

TJV 2 0JV 2x 

The plane PK of the slnice-board mnst be set at right angles to 
the tangent PT; and thns we find the required position of the sluice 
board, if we set off the abscissa OJVin the oppoaite direction OT, 
draw PT, and erect a perpendicular to it PK. 

If the sluice^perture be set at the apex of the parabola, then the 
daioe-board will hare to be vertical. 

The relocit; of disAharge tt P we„^ v^e* — 2ga, and the cor- 
responding theoretical preseure height h^^ j= a, or the effective 

2^ 

height ■■ 1,1 1 a\ when the orifice is nearly rounded. The 

breadth of the sluice-orifice is made a little less than the breadth of 
the wheel. 

Bxampk. For v*k)ritr c ^ ISIi^et,Bnd■nKla*,^90i°(•MeInmple h>Im( imrMtxph), 
ibe ocKinliiiatn o{ ibe psraMa'a apri am x,^oaibi . IS'(rii.301'')* — 11,43 (eeu 
mDd]r,^0,OISS . ll^.tm. 401°^9,13(iiM. IT, now, tbe CMiTre of lh« iluieF-aperture 
M Mt btt 4 inrhMnB 0,333 feel slicive the point of eotraDoe. ibtin ibe cxKmlinale* I>md tbe 
ceMraoT tbaopenini; 

z — 0,43 — 0^ — 0,1, y — 3,33 J-!iL. 1,11 reei,and 
iMg * B> 1— ^ 0°, OS', and benoa iha inalinatioa of tbe iluioe-baard to ibe boriaon if 

« 90" — » — »• — 9", sr — W, a*. 

% 94. Effect of Impact. — In the overshot wheel, the water acts 
in some degree by impact, but chiefly by its weight. We determine 
the effect of tbe shock, by deducting from the whole effect corrft- 

rnding to tbe vi$ viva which the water entering the wheel possesses, 
mechanical effect retained by the water when it leaves the wheel, 
and that lost by the oscillatory and eddying motion of the water in 
^e cells. The velocity of the water leaving the wheel may be 
assumed as equal to the velocity v^ of the wheel in tbe division circle, 
and hence tbe mechanical effect retiuned 

in this water is ^ Qy. The mechanical 

effect lost by the oscillation and eddying 
motion of the water may be pat equal to 

^ Q y, where v, is the relo<»ty suddenly 

loet by tbe water entering the wheel. If, 
therefore, c, be the velocity Bc„ Fig. 
200, of the water entering tbe wheel, the 
mechanical effet^t Btill inherent in its vm 



^.-(^^•~'")«'- 
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Bat the velocity e^ maybe decomposed into two others Bv^ « V|, and 
Bv^ » r,, of which v^ is exactly the velocity retained by the water as it 
moves on with the wheel, and, therefore, v^ is the velocity ZosC. If we 
put the angle c^ Bv^y which the direction of the entrance velocity e, of 
the water makes with a tangent B v^ (the direction of the velocity 
of the circumference) « m, then we have v^ — e^ + v^^ — 2 e^ v^ eo9, 
Mf and, therefore, the mechanical effect in question: 

(e^co$.^ — v,)v, g^^ or asl - 0,081, 

9 SI 

and y -i 62,5, L « 2,008 (e^ eos. ^ — v^) v, Q feet lbs. 

It is evident that the mechanical effect of impact is so much the 

greater, the greater c^ is, and the less /* ; and by comparing with 

Y ol. I. § 886, it follows that this effect is a maximum when Vj » } 

c, 00$. /ft. The maximum effect corresponding to this latter ratio is \ 

^ii^?l^*(?r;orwhenM-0, oreaf.M-1, theni-i.^<?y. As 
2^ 2g 

J- is the fall due to the velocity e^, it follows, thatj in the mo9t favor ^ 

able caecj the effect of impact i$ only hd^ the avaikMe effect. Hence 
the least possible part of the fall should be spent to produce impact, 
as much as possible being employed as weight. Suppose, for instance, 

we make c^ cos. ^ ae f j, therefore, c^ » — >'-, we sacrifice a height of 

fall ^ — 1 — ., without having any mechanical effect in return, but 
2^ coe. IT 

if we make c^ ■> L., we expend four times that fall, vis : 



v» 



COS. ft 



4 . - — 1 -, and yet we have only : 

2g COS. #»* ^ ^ 

and lose thereby the amount of fall represented by : 

r — 2i ^. and even if we assume m ^ 0, or cos.u^ 1, the 

(?M./ft« /2y ^ , ^ , 

loss of fall is 2 . -L, or double as much as when we avoid all shock, 

or bring the water on to the wheel with the velocity with which the 
wheel revolves. Again, we perceive that the efficiency of the wheel 
will be greater the less V| tit, or the slower the wheel revolves. It is 
true that the capacity of the wheel, its width e, and, therefore, its 
heiffht, must be greater as the velocity of revolution v is less ; and 
as the journals of a wheel must be of greater diameter the heavier 
the wheel is, and as the moment of friction increases as the radius 
of the journal, the mechanical effect consumed by the journal friction 
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IB the oaee of tbe wheel rerolring slovlyt may be greater than ia 
one moTiog more rapidly ; and hence we perceiTe that it by no means 
follows ae a matter of oonrae, that the slower a wheel reTolvee, the 
greater its efficiency will be. 

§ 95. £ffeet of the Water's Waight.—The oella of a water wheel, 
when filled, form an annnlsr water space AB, Fig, 201, which ie 
termed the water arc, ts the water 
enters at the upper part of this arc, ^K' 301. 

and leavea it at the lower end, its 
height A is the effective fall, and, there- 



fore, the mechanical effect given off 
by the weight of water ™ A . Q y. 
The height of the water arc may be 



Bt give 
by the weight of water ^h.Q 
Tbe height of the water arc may 1 
enbdivided into three parts. The first 
part ffM lies above tne centre of the 
wheel, and depends on the angle SC^ 
~ e, by which the point of entrance 
deviates from the vertical passing 
through the summit of the wheel. It, 
agun, we put the radius of the wheel 
CA M a, the height of the apper part 
of the water arc Mff — a cot. e. The 
second part MK lies below the centre 
of the wheel, and depends upon the 
point i>, at which the wheel begins to 
lose water, or to tpill. If we pat the 
angle MCD by wDich this point lies 
below the centre of the wheel « x, then 
this second height MK — a tin. x. The 

third part inclndes the arc DB, in the coarse of which the wheel 
empties each bucket in tnm. If we put MOB, the angle by which 
the point B, at which the backets are emptied, deviates from M the 
oenb« of the wheel « &„ then the height KL ■• a (ttn. y^ — tin. x). 
Whilst now in the two upper parts of the arc, the water has its 
entire effect, it oommnnieates only a part of its mechanical effect to 
the wheel in this third part, because here it gradually quits the 
wheel, and, therefore, the total effect of the water's weight must be 
represented by a (eot. e + ttn. x)Qy + a {tin. l, — tin. x) Q, y, when 
Q^ is the mean quantity of water effective in the lower dinsion of the 
water arc 

If we combine with this, the effect of the impact of the water, we 
have tbe total mechanical effect of an overshot water wheel: 

X - ft,- (''■■»''—''>. + »(^» +•«..>))<?, 

+ a(tin.Xj — ««.ji) Q^y; 
or, if we put the height a (eot. » + tm. x) of the part of water are 
taking ap the entire effect of the water ^ h„ and the remaining 

part a tin. x, — tin. x) it^ A,, and the ratio ^! m », then : 



184 



BITBCT OV THB WATEB S WEIOHT. 



and the force at circumference of the wheel : 

£xaifip2r. The velocity of entrance of the water on an OTershot wheel of 30 ieef 
diameter is c, as 15 feet, the velocity Va of the division circle as 9f feet The angle by 
which the direction of the water layer deviates from the direction of motion of the wheel 
at the point of entrance, is 8|^, and the deviation of this point from the summit of the 
wheel is 12^. The deviation of the point where the wheel begins to kwe water from 
the centre of the wheel X ^ 58^^, and the deviation of the lowest point in the water 
arc from the centre of the wheel, or x, sb 70}®. Lastly, the quantity of water going oa 

to the wheel Q ^ 5 cubic feet per second, and a ■■ Jli is assumed as }. Required the 

effect of the wheel. First, the effective impad faUs^0fi3l (15 cm. 8|^ — ^) . 9f ^ 
1,60 feet; and the effective weight fail is: 

15 (aw. 12« + nn. 58J<>) + y (n»i. 704<> — tin, 58*0) » 15 (1,8307 + 0,0450 =28,14 
feet, and hence the total effect of the wheel is (160 4-28,14) . 5 . 62,5 hb 9256 feet 

001A 

lbs. SB 17 horse power, and the force at the division circle is as 1000 ponnds, 

nearly. 

§ 96. We easily perceive from this, that for the exact determina- 
tion of the effect of the weight of the water on an overshot wheel, 
it is essential to know the two limits of the arc in which the wheel 

loses its water, and the ratio u m -—', of the mean quantity of water 

contained in the cells in this part of the water arc, to that originally 
received by them. On this subject we must now endeavor to ascer- 
tain the necessary rules. 

If there be n buckets in the wheel, and if it make u revolutions 

per minute, there are presented -— > cells per minute to receive the 

60 

quantity of water Q, and, therefore, into each cell there goes the 

quantity F- Q+^ « ^^. If « be, as hitherto, the width of 

60 nu 

the wheel, then the section of the prism of water in any cell 

^ 2 nu e 
If now DEFGj Fig. 201, be the cell at which the water begins to 
spill, then the section: F^ » segment DEF + triangle DFGj or as 
the triangle DFG » triangle DFJf— triangle GJV; then JP^ — seg- 
ment DEF + triangle DFJ^T— triangle DGJiT. If we put the area 
of the segment DEF «■ Sy and that of the triangle DFJ>r^ D, then 
the triangle DGJf^ S+D — F^; but as the triangle D6JV* is also 

' djv jv*g 

equal to 1 ^ ^ cP tang. % nearly, we have appi^ximately 

(and the more accurately the greater the number of buckets), 

tang, x « — IL o, Thus the angle MCD «■ x, corresponding 

id* 

to the point at which the wheel begins to empty itself, is determined. 
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Eaeh cell will li»Te emptied itself when the outer element of tbe 
backet becomes horisontal; if, therefore, the angle CBO, which this 
enter element, or the wrist of the backet, makes with tbe radiae ^ >„ 
then )L, gires as tbe angle MCB, which fixes tbe poiat where the 
oelk bare emptied thenuelves. In order, therefore, to find the effect 
of the water on the discharging arc, let us divide the heisht KL k a 
(tM. X, — $in, x) into an even number of equal parts, indicate the 
position of the bucket for each of these points of division, draw hori- 
lontal lines through the sections of the water in the cells for each 
of these positions, and reckon tbe areas f „ F„ F^ , , . F^ of these 
sections. The mean value F of these ma; be determined by the 
Simpsonian rule, putting 
F Jy + J*- + 4 ( F, + F, + ■ . ■ + j; ,) + 2 ( F. + F, + . . . F,..) 

and from this we get the ratio of the mean qoantitv of water in » 
cell in the discharging arc to the quantity in a cell before it begins 
to empty itself: 

9* F F^+f, +4(F,+ F,+ ■ ■ +F, ^)4.2'(F,+ F,4- ■ • F, ,) 
'" Q "F," 3«F, 

Exampk. There nre 300 eubiR fsPI n( water per minute wpplieil to • water wheel 
40 reet in ilinmeter, making 4 levoluiiona per minuie. Wlini ii ilie elfecl of Budi a 
wheel ! If we rappoM ilie deptU of the thmuiling to be 1 tool, itien the widtli of ilie 

wheel..— LJ^!2__i2_ 9,4 r«et. If there be 130 bucket! on the wheei, lU 
* . 40 . 1 . 4 4« 

quamitr of wM«r ID eaob cell : F»...^. m-^» 0,5A19 cubic fnt, and, hence, 

the Mciion : F _ ^^}1. iggare feet— '"■ ' ":"'!' ■ 33,09 iguwe inche*. By aocu- 

leat on ibe bucket* them'Mleea, u tbef an repreMoied in F>( aCS, the 



aieaoTtheaefmeiii J^ 90 u 34,90 aquare inche*,«od Ihatof iha lria(«lB.^fi)H 102 
■quare jnoliei, heT>ce toe the n>inmeooenienl of diaoharge- 

angle at whkh the wiUt of the booket meeif the ladiu* i> x, ^ S9°, 30*, aad, therefore, 
the bei«ht £^4 0(lhe pan of the diKharxing ara relainiiiii waleiUaca (im.>, — nii.k) 
— 30 (0,6870 — 0,1fr30) mm 1.79 feet If wiiliin thii bright we delineate three lelarire 
nnilioiu of a Uioket, we Bud by maiurement and calculiliotw the iecliaa of iha water 

16> 
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■psca ID the bucket Tor these pcwitkmi : F, ■■ 34,U ; f , *m 14,48, and F, ■■ 0,00 tqnare 
incbei. As, now, the lection ai tbe aommeiwemeDt a F,sb 33,09, aad at ihe end it U 
F.bO, wethall Had the niio: 

__f _ 33^9+4(34.504- 6,60) 4- a. 14,48 _ '^"^'5 _f>^^^^> 

e, Bi 1 , m> that the water act* without ihocli, then Ihe whole mechanical eBeet ^Tta 

off bj the wheel, neglecting the ftiotioa oTtfae axle, u: 

I -. o [tot « + iw. » + 0,469 C™. X, — m. X)] X 5 X 82.25 
k90 (0,9848+0,7030-1-0,469 . 0,085) 6600* 1,8107.0^33— L1308 feet Ibb— 33,9 
bona power. 

§ 9T. iVtt«iJ«r of Buekett, — As -we have above indicated, the 
capacity of the wheel to hold water shonld be made aa great as pos- 
sible, or the buckets shonld retain 
Fig. 303. the water as long as possible, bo that, 

cseteri* par^mt, the maximum effect 
of the fall of water is obtained when 
the buckets are placed so close, that 
the water surface AS, Fig. 203, in 
the bucket beginning to empty itself, 
is in contact with the bucket -4,£, 0, 
next above it. If we take this con- 
dition as basis, we can deduce a for- 
mula for determining the number of 
buckets. From the angle of dis- 
charge MOF~ FAff^ %, and the 
depth of the shrouding AF^ d, we 
have, approximately, Fff — <2 . tang, x. If, now, we assume the 
dmtion eireU to be at half the depth of the shrooding, we may 
then put : 

I>^E^D^F~\FE•m\dta1W.\. 
If, again, we introduce the angle of division jBGE, ^ fi, and the 
bucket angle ACE ^ fi„ «e get the angle AC£,nfi^ — fl, and, 
approximately, the arc I),F — a, ^3, — fi). By equating the two 
values of I>^F we have a^ (jJ, — ^) = J d tang, x, and, therefore, 

^ — ^1 — i — tanff. X. 

If the tbiclcnesB of the buckets »k 0, then of coarse the number 
of buckets would be 

^ _ 360° _it_ U 

but as the space occupied by the buckets is something considerable, 
we must take it into calculation, and thus make the division angle 

greater by an amount corresponding to an arc — , or we must take : 

" -, "' 
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If we introduce tang, x - ^^^—^p and J;.. ?^, l 
get: 

\ a, a, d n M «, d e/ 
and, therefore, the re<]iiired namber of buckets: 
2M«a,de — 60 Q 



. 4 . 60 Q 



If we put de^ -^ —y then we have more simplj; 



.-I. 



* g, d 



and if we take D~^ fi^a.d, then : 
- . ''a,d 



J^^a, d + «d- 
It is also easy to perceive that the 
more increased, when (as is represented 
in Yia. 204) the bucket immediately 
following that which is about to dis- 
charge, comes in contact with the sur- 
face of the water ^/f„ in that bucket, 
with a flat tvfface instead of a comer; 
or, when the imH of the butiket is not 
set in a radial directiou, bat in such a 
position, that, shortly before discharge 
commences, it is horisontal. In this 
ease, the segment or triangle S^ Ai 
Bj D„ is increased by a triangle B^ O, 
H, and henoe tang. \ ^ — — — -^I — f, 

and, therefore, also the angle of discharge *■ becomes greater. 

Iron buckets are always rounded at the comer B. 

Jrwyfc. Wbat nomber or bucksu ihoold be pul in an oTsrsbot wh«el of 40 Teet 
diamelcr, and 1 fbol in widlb, fnvinB Aii — I'or S,K0.0e9Sl. 5ac34.a tqmre inebe* 
^ 0,17014 squue feel, Knd iba thickneu of the Ixickcu i ~ I iocb « 0,0833 ftnl. 
According lo out finnula : 

,_, w . 19,5 29,28 w jj, 

'j .0,06081 . 19,8 + 0/)833 — 0,17014 " 0,SS39 " 
wliich, for ibfl wko of Aeilitj of diviiion, we may lake I8J. 

Bai mA . Tlie comiroction of bucket ibovn in Fig. 204, hai another adTsnnge, Tiz. : 
that Km it * Ism widtb of wheel » necesnry, ai ii ia impoafihle to make Ibe wbeel ipace 
^four time* Ibe capacity of Ibe water apace (aea Vol. II. 5 93). If we here innodDca 
fi— i a. « !<, + i tf* (4BV. K, and >■ S—i d* toag. X + fg— A and CsbJ a, 0, d, w« 
obtain: l«y.x»t.*l*' '~^», and hence; 

_5«« V»9._-'j.i. ««. 



3« 
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§ 98. Effect of Centrifugal JWtw.— For equal Telocity of the oir- 

onmference, small vbeels make a greater nnmoer of reTolntions than 

large ; but the nniform motion of the machine, or the nature of the 

work to be done, aa uwing, hammering, grinding, &c. &c., require 

a certain velocity of the wheel. Hence imall wheels frequently 

make a great namber of revolutioas per minute. Bnt at sach high 

velocities, the etntr^ugal force of the water comes into play to such 

a degree that the inolination of the surface of the water in the 

buckets to the horiion is considerable, and, 

Rg. 90S. therefore, the discharge commences maoh 

earlier than would be the ease if Uie wheel 

were moving slowly. We have fonod (Vol. I. 

{ 274) that the surfaces of the water in the 

buckets are a series of cylindrical hollows, 

the common axis of which 0, Fig. 205, runs 

parallel to the axis of the wheel, and lies at a 

height: CO-*_2_^.«y-??5» 

above the axis C of the wheel. This distance 
increases, therefore, invertely as the tquare 
of the number of revolutiont, and becomes 
small for a great number of revolutions. 
Hence we at once perceive that the water-anr* 
face is horiiontal only at the summit and at 
the bottom of the wheel, and that at a given 

point M above the centre of the wheel the deviation from horisontal 

is a maximnm. 

The deviation HAW^ AOC^ x for any point A, at a distance 

ACM^ X from the centre of the wheel, is: 



OH k + a tin. x 
For a point ^, above M,\iB negative, and hence : 

tang. • ■_ , '-t — . If we lay off a tanzent OA from 0, we have 

k — aHtt.% 
in the point of contact A^, that point at which the deviation from 
horixoDtality is greatest, or where x is a maximum, and ■■ x, •*». ^ 

being, however, ■■ -. 

EtoKpk 1. For ■ whe«1, making 9 revoluiioni per minaW, k ai — — ^114 feet, the 
niliu* a beings 10 Tpet, aixl the cludwrging angle X^SO°. Tim; 
lof. x~ — l ^p ^ ^ . — » 'O'^SS^ therelbre. x — 4°, 39', to (hal ibe niriaee oT tlie 
w-Bt«r (IcTiKlM in tbii caae H degreei Trom the horiamlal. 

£raMfiIr3. For a wteel, making 30 teToliitkini, fc^^^B 7,139. ir, ihererore, 



t,wm5,i.mtOf,xiimtmg.x~—^. Iienoex — 33°, V. Ai an angle oT 44", 34' abora 
ihe oenlTC oT rhe wheel, ibe devialion ii ai miich ai 44°, 34'. 
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S 99. If, now, we take into coauderation the effect of oentri- 
fdgal force, w ie obviously necessitry is 
tbe cue of wheels revolving rapidly, the ^>B' ^'^■ 

fornmla we above fonnd for the arc of 
discharge most be replaced by others. 
Let A^ (Fig. 206) be the point at which 
discharge commences, MCJi^ «- ^^^ 
mtx the angle of discharge, H^^W^ 
V ^gOC^ z the depression of the wa- 
ter's surface below the horizon, or the 
angle GjJ^IF,— x + ^r^andthe aj9,GIV; 
^^d . d tang, (x + a;) ■■ J d* tang. 
(k + x). If we now pat the conteDts 
of the segment ^BD. •- S, that of tbe 
A JiGD wm D^ and the section of the 
body of water — F, then F^+^^ tang. 
(x + z)^S + D, are, therefore : 

m.OJtC~'CO' ' 
9in,x a 

ri».[90»— (.1 + ,)] ~ i' "'■■ «"• 

and hence foUows : 

When by the first formula, the value 
of L + 2, and by the second, the value 
of X the depression, have been found, 
we obtain by subtraction of the two 
angles* — (* + ») — ». 

At the end Ji^ of the angle of dis- 
charge, the outer end of the bucket co- 
tncides with the water's surface A^ W , 
«ad, tb«refor«, O^, IT, — x, -(- x «t thu 
point ■■ the known angle S depending 
on the form of backet. Hence 
nn. z, _ if^ and X, - a — «., that 

18, the angle by which the end of the 
arc of diaoharge deviates from the centre 
of the wheeL 

If the height H^^ — A^ — a (nn. x, 
— tin. »), Fi^. 207, of the arc of dis- 
charge, be divided into 4 or 6 equal 
parts, and the filling of the bucket for 
corresponding positions be determined, we can again find the ratio 
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O F 

^wm -ritm — o{ the mean contents of the buckets daring the dis* 

charge, to the contents before discharge commenceS| and so cal- 
culate the mechanical effi^ct of the water in the arc of discharge. 
For this the above formula must be used inversely. In this case x is 
given, hence : 

tang, x - , ^^^^'.^ , and F- S+ D—^cP tang. (x + *). 
k -{• a $tn X 

If the water does not fill the entire segment, or if F < jSf, or j^ cp 
tang. (x + x)> A ^^^^^ ^® mxiBt put : 

F— segment JlBD— a ^DKj 
and in the case of straight buckets : 

p^S irf* nn. {x + x — g|) 9in. S ^ 

* * **^' i^ + *) 

in which d is the diagonal AD and 6^ is the angle DAC included 

between this and the radius CA. 

Exampk, A small wooden water wheel (Fig. 207), 12 feet bigb, 1 foot depth of 
shrouding, and 4 feet wide, receives 1080 cubic feetof water, when making 17 revolutionc 
per minute; required the mechanical effect produced by it Here, a as 6, <f as 1, exs 4, 

a, » 5,5, Qa.l!:!!2B 18, «« 17; allowing 24 buckets, 
• 60 

360^ ^ ^^o ^^ f ^ ^^^ s.1^ a. 0,662 square feet H again, D«i 0,652, 
24 • 24.17.4 68 ' "^ -,-•«.-, , 

and S« 0,373, then tamg. (x + x)^9:?2I±^^lll2:^mM 0,263 X 8 « 0,726^ 
therefore, X + x "" ^S^*, SO". But COmzkmx ?^ «« 9,86 feet, and henoe 

nn^x • ^ "^^il"** ^^ — Oi4924, hence x — 2^, aC, and X mz 6« 29^. Thus the dis- 

9,86 

charge commences in this case at only 6}^ below the centre of the wheel. To find the 
point at which the discharge is complete, we have in the present case (in which water 
hangs in the bucket, although the water's snr/aoe touches the outer extremity of tlie 

bucket), to put in the formula sin, Xi ib ** ^ , instead of a, the imdius of ilia diviakm 

circle a, bb 5,5, and instead of >, the angle formed by the outer element of the bucket and 

the radius, and which is here 79^ 14'. Hence :• tin. Xi « ^'^ ^' ^^^' ^^' . therefore, 

X as 5<>, 59^, and the second angle of discharge X. ■■ 79<>, 14' ^ 5^ 59^ » 73^ IST. 
Hence, the height of the arc of discharge. A, as a, sta. x, ^a mn. X aa 5,5 mn. 73^ IS' 
^6,0 stn. 6^ 29^ as 5,2666^0,6775 as 4,589 feet Dividing this height into 4 equal 
parts, we determine by delineation, by measurement, and calculation, the corrospoDding 
three intermediate values of F. The results arrived at are f*,aB 0,501, f^aa 0,409, 
and 1^3 06 0,195, and, therefore, the required ratio of the sections: 

, „ / ^ 0,g62 + 4 (0,501 + 0.195) + 2 . 0,409 ^^^^ 

Z^** 12.0,662 "■ ' ' 

and the mechanical effect produced by the water during the descent of the are of dis* 
charge: £.«bk . A. Q). an 0,537 . 4,589 . 18 . 62,5 aa 27,55 feet lbs. If the water fell 
with a velocity of 20 feet, 20 degrees under the summit of the wheel, in such a direc- 
tion that it deviated 25^ from the tangent at the point of entrance, then the remaining 
effect of the water*8 pressure : 

Z, aa (5,5 COS. 20<' + 6 ft«. 6^, 29') 1 8 . 62,5 » 5,854 . 1 120 aa65S6 foet lbs. 

and the effect of impact, tlie velocity in the division circle «. being ^ 9,791 

ri>et is Ijaa 0,031 (20 cot. 25«-. 9,791) 9,791 . 18 . 62,5 aa 2,6 11 X 1 120 aa 2974 feet 
lbs, and hence the whole mechanical effect prod need is: 

XaaX|-|- Xg + X^aa 12305 fifet Ibs. 
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} 100. Friction of the Ghulgeani. — ^No inconsiderable portion of 
the mechanical effect of overshot wheels is lost in the mechanical 
effect absorbed by friction on the gudgeons. Let the weight of the 
water wheel, together with the water in the backets, a G, the radius 
of the gudgeon mt r, then the friction is a/G, and the velocity at 

^# A# Ml 

the periphery of the axis »v am , and hence the mechanical 

80 

effect consumed by the friction of the gudgeons ^fGv^a ^LJ^fG 

80 

mt 0,1047 . uf G r. For well turned gudgeons on ffood bearings 

/ai 0,075, when oil or tallow is well supplied^ or/a 0,054, when a 

constant supply of best oil is kept up. In ordinary circumstances 

of the application of a black lead unguent, /&■ 0,11. The weight G 

of the wheel must be determined by admeasurement for each case. 

For wheels of 18 to 20 feet in height, the weight has been found to 

be from 800 to 1000 times the number of effective horse power in 

pounds. The wooden wheels of Freiberg, 85 feet in height, weigh, 

when saturated with water, nearly 44000 lbs. Being 20 horse power, 

this makes upwards of 2000 lbs. per horse power for the weight of 

the wheel. 

The effective power L of a wheel increases as the weight of the 

wheel increases, as the proportion of the bucket filled • m —^ 

d ev 

increases, and as the number of revolutions u increases, so that, in- 
versely, Gwm* — , in which » is a co-efficient to be ascertained from 

• u 

experience. According to Rettenbacher, a small iron wheel, the 

buckets of which are filled ^, the horse power being 6,8, » •■ 3482 lbs. 

For the Freiberg wooden wheels of 20 horse power, » » 2750 

lbs., so that, for a first approximation, we may use the formula: 

6 «- 8000 — pounds. 
§u 

The strength of the gudgeons depends on the weight of the wheel 

G, and thus the weight has a twofold influence on the friction (Vol. 

II. § 87). We have given the formula: 

2 r «> 0,048 s/G inches a- 0,00045 s/G feet, for the strength^ 

gudgeons, and, therefore, we may here put Gr •■ 0,00142 \/G^, 
and hence the mechanical effect consumed by the friction at the 
gudgeons 

a 0,1047 Hf . 0,00142 •(?* - 0,00015 irf ^OT' 

£aumipk. What amooDt of mechanical effect \» coiwumed b/ the friction of a wheel 
of 23000 lbs. weight, with gudgeona of 6 inches diameter, the wheel making 6 revoln- 
tions per minnte. Aasuming fmt 0,08, then fGmt 0,08 x 25000 ■« 2000 lbs., and the 
statical moment of thisas/Groii . 2000 aa 500 feet Ibe^ and the mechanioai effect 
«0,1047 . 6 ./Grai314 feet Ibe. 

Btmark. The gudgeon Ariction of a water wheel may be increased or diminished 
according to the manner in which the mechanism for transmitting its power is applied 
10 it If, as in Fig. 209, the power P and the resistance Q act on the lame side of the 
wheel, then the friction on the gudgeons is diminished by an amount equal to the resist- 



trsHroL BPncT or wbibl. 



iha tMiatuMie Q, md, tberarore, the fViction ii aa much greater u in tha other cue it WM 
iMi. If in ibe romter can ibe levengp CS at ihs rewianoe be made eqi^ lo'th* 
lereiags of tha power CJ,»o that ihe irantmiuioD U effected bjra toothed wbeel ootb« 
peripherjr ortbe water whepi, >■ iliown in Fig. 17 J, then (he effect or Ae power on tbe 
KndgeoD ii oounterbalaoced by tbe resiatance (not if the pinion wheel be in the poaitioa 
tbowD in the.diagram, but when tfaii it plaoed Mmo Iht entrt oI Iba wheel). 

1 101. Total J^wt.— The tot»l effect of an oTer<liot water wheel 
may be pat : 

or vhea the water enters in a direction nearlj taogflBtial, and with 
a vetodtj eqnal to that of tbe wheel : 

Hence for a ^ven weight of wheel, the total effect, as well as -the 
mere water power effect, is a maximam when v ^ 0, or when the 
wheel revolres with the least possible velocity. This eondition doea 
not hold good in practice : for the dimeasione and weight of water 
wheels depend on the power they give, and on their vdocity, and 
are so mnch the ereater, the greater the effect or power, and the 
less the velocity of the wheel. 

S 102. Ut^ul Effect of Wheel— SimtAUm, Kordwall, Morin, uid 
o^ers, have experimented on the efficiency of overehot water wheels ; 
but there is Btill room for further experimental inquiry, especially 
as to the efEciency of well-constmcted large wheels; because the 
effect of these is not accurately known, and, as the author has had 
occasion to verify, their efficiency u generally under estimated. 

Smeattm made experiments with a model wheel of 75 inches cir- 
oamferenee having o6 backets, and fo«nd for 20 revolations per 
minate a maximum of useful effect of 0,74. D' Anboiseon mentions, 
in his work on hydraolios, that for a wheel of 11^ metres ■■ 82 feet 
diameter, with a veloci^ of 8^ feet per second, tbe efficiency was 
found to be 0,76. Weisbacb has tested the stamp-mill wheels at 
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Freiberg, generally 7 metres or 22' — y high, and 8 feet wide, 
having 48 buckets, and making 12 revolutions per minute, and 
found an efBciency of 0,78. The pumping and winding wheels of 
35 feet diameter, making 5 revolutions per minute, give an efficiency 
of 0,80, and often higher. It is also quite ascertained that well- 
constructed wheels of greater diameter than the above, give 0,88 
efficiency, the losses being 8 per cent, for shock at entrance, 9 per 
cent, by too early discharge, and 5 per cent, for gudgeon friction. 

Small wheels always give a le%9 efficiency than larger, not only 
because they make a greater number of revolutibns, but because 
they have a smaUer water arc. The most complete experimental 
inqtliry on water wheels is that of M. Morin, ^^ Experiences war te.. 
Itoue9 hydraidiquee d avhes planes, et sur les Ranee hydraulique^^ 
d augetSy Metz, 1886."* Of these experiments we can here only 
allude to those made on three small-sized wheels. The first of these 
was a wooden wheel 8,425 metres » 10,6 feet diameter, with 30 
buckets, and giving for a velocity of the circumference of 5 feet per 
second, an efficiency of 0,65, and the co-efficient » a 0,775. The 
second wheel was only 2,28 metres in diameter (7,47 feet) — of wdod, 
with 24 curved plate buckets. With a velocity of 5 feet per second, 
the efficiency of this wheel was a 0,69, and the co-efficient of velo- 
city or of fall BB V » 0,762. The third was a wooden wheel for a 
tilt-hammer, 4 metres diameter (13 feet), with 20 buckets, and 1 
metre of impact fall to the summit of the wheel. The velocity being 
5 feet per second, the efficiency was 0,55 to 0,60, and the velocity 
being 11} feet per second, its efficiency was not more than 0,40, 
which was further reduced to 0,25, when the velocity rose to 4 metres 
or 13 feet per second, for then the centrifugal force was such that 
the water could not properly enter the buckets. 

Morin deduces from his experiments that for wheels of less than 
6' — %" diameter, having a maximum velocity of 6 feet per second 
at the periphery, and for wheels of more than 6' — 6^' diameter, 
having a maximum velocity of 8 feet per second, the co-efficient r 
of the pressure faU averages 0,78, and, therefore, the useful effect 
of these overshot wheels, exclusive of friction on the gudgeons, is : 

Pr - (ii^fflJtZI^ + 0,78 a) Q y, 

A being the height of the point of entrance above the foot of the 
wheel, or 0,78 h represents the mean height of the arc holding water. 
This co-efficient r ■« 0,78 is, however, only to be used when the co- 
efficient 9 representing the extent of filling of the buckets is under }; 
it must be made 1,65 when • amounts to nearly f . In the case of 
wheels of great diameter r is certainly higher. For the Freiberg 
wheels, for example, it is 0,9. Morin further deduces, that when 
wheels have a greater velocity of revolution than 6' — 6" per second, 
or if the buckets be more tnan } filled, a definite co-efficient r for 

[* The author was apparently uoaoquainted with the experiments made %f a oom- 
nittae of the Franklin Institute. — ^Ax. £».] 

VOL. n. — 17 
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the water-aro cannot be given, because, then, small yariations or 
deviations in v and c have considerable influence on the amount of 
the useful efFect. It must, however, be remarked, that it is not the 
velocity, but the number of revolutions u (Vol. 11. § 98), which de- 
termines this limit: for high wheels with 6' — 6^' velocity at circum- 
ference, give a great and tolerably well-ascertained useftd effect, 

[^Ameriean MxperimenU* — The most important of the deductions 
from the experiments on water wheels, made in 1829-80, by the 
Committee of the Franklin Institute, using a wheel 20 feet in diame- 
ter, and with a head and fall varying from 20f to 23 feet, may be 
stated as follows: — 

1. '^In running a large overshot wheel to the best advantage^ 84 
per cent, of the power may be calculated upon for the effect" 

2. ^^ The velocity of the overshot wheel tears a constant ratio for 
maximum effects to that of the water entering the Imekets, this ratio 
being at a mean ahout ,66 or Aths.*** 

3. ^^ Without diminishing the ratio of effect to power more than 
2 per €ent.y we may so arrange a high overshot wheel as to increase 
the velocity of its Periphery from 4| to 6j^f A, and probaHy even to 
7 J feet per second, 'f 

As the quantity of work done by a given wheel, when the ratio of 
effect to power is the same, must evidently depend on the velocity 
of the wneel, it must be advantageous to run the wheel with the 
highest velocity within which that ratio can be kept constant, or nearly 
so, that is, from 6 to 7 feet per second. 

The ratio of effect to power with "centre buckets*' was found to 
be .78 of that with "elbow buckets," owing to the water sooner 
leaving the former than the latter. 

When air-vents are used they involve a loss of effect with centre 
buckets, but scarcely vary the action of elbow buckets.^ 

4. With a wheel 16 feet in diameter "84 per cent, of the power 
expended may^ as before, be relied on for the effect,** but when the 
heads bore to the/aUt, or heights of wheel, a proportion as great as 
1 to 6 or 1 to 4, the ratio of effect to power was reduced as low as 
,80 and even ,76. 

An overshot wheel of 10 feet in diameter gave with heads of 
water above the gate varying from ,26 to 3,76 feet, a ratio decreas- 
ing from ,82 to ,67 of the power; and with a wheel 6 feet in diame- 
ter, the ratios, under like variations of the head of water above the 
gate, varied from ,83 to ,64. The same general law of a decrease 
of ratio of effect to power, according as the proportion of head to the 

* [Mr. Etwood Morris (mb Joamal Franklin Inttitute Vol. IV^ 3d seriea, p. 222} awer- 
tained, by direct experiment on three excellent oyershot flouring-mill wheels, with att 
the modem improvements, that, calculating by the whole head and fiUl, while they ran 
at their usual pace, and with everytliing in order, they required **788 cMefiH of water 
faUing om Jbot pa- mimUit to grmd and dreu cm bitthd of whui m an AoHr." This is an 
expenditure of power as 49,250 feet lbs. per miaute ^1^ horse power.— Ax. Es ] 

t Joorn. Frank. Inst, 3d series, Vol. I., pp. 149 and 154. 

X Ibid., p. 221. § Ibid, p. 223. 



HIGH-BRBAST WHEEL, 195 

total head and fall increases, may be traced in the action of differ* 
ent wheels. 

Thus the wheel haying a diameter of 
15 feet, and mean proportion of head to head and fall ■■ ,063 

gave ratio of effect to power v ,841 
20 feet, and mean proportion of head to head and fall » ,067 

gave ratio of effect to power » ,838 
6 feet, and mean proportion of head to head and fall a ,072 

gave ratio of effect to power » ,801 
10 feet, and mean proportion of head to head and fall a ,079 

gave ratio of effect to power » ,795. 
A still farther increase of proportion until the head was 45 per 
cent, of the head and fall gave, in the case of the 6 feet wheel, a 
ratio of effect to power only ,604. Indeed, it is easy to understand 
that all that heaa of water above the bottom of the backet which 
exceeds what is necessary to give the water the same velocitv as 
that of the wheel, can act only by creating impact, and, therefore, 
most be considered so much of a head destined to produce, not pres- 
sure, but percussion, and the co-efScient of effect of any water de* 
Uvered under such increased head, must be undershot oo-efficient, 
which experiment proved to be ,285.] 

§ 103. Sigh-Breatt Wheel. — The overshot wheel frequently re- 
ceives the water lower than the point we have above indicated, at a 
point somewhat nearer the centre of the wheel. These are called 
by the French rcmes par derriSrey by the Germans ruckensehldgige 
Addar. The lead or water-course, or the pentrough, passes above 
the wheel in the case we have discussed. For high-breast wheels 
the pentrough is below the summit of the wheel, or the diameter of 
the wheel is greater than the total water-fall. In the overshot 
wheeli the wheel revolves in the direction in which the water is led 
on to it. In the high-breast wheel, it revolves in the opposite direc- 
tion. High-breast wheels are erected more especially when the 
level of the water in the tail-race and pentrough are much subject 
to variation; because the wheel revolves in the direction in which 
le wa^ flows from the wheel, and, therefore, backwater is less 
advantageous, and because penstocks or sluices can be applied 
_ >t admit of an ad^udabU point of entrance of the water on the 
wlieel, or of maintaining a given height between the water in the 
pentrough and in the tau-race; and even for different conditions of 
the water-course, the same velocity of discharffe and of entrance of 
the water can be maintained. Penstocks, or smices for these wheels 
are represented in Figs. 210 and 211, in which the shuttle AB is 
made to slide or fold as an apron, to open more or fewer apertures 
as required. In Fis. 210 AB is made concentric with the circum- 
(S^ence of the whe^, in order that the aperture A may direct the 
water into the wheel for all positions of the apron. The motion of 
the sluice or apron is effected by the pinion and rack AD and C 
In Fig. 211, the water flows over the top A of the sluice-board, 
which is adjusted in a manner similar to that above described. In 
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prder, hoverer, that tbe nter ma; come on to tbe wbeel in s pro- 
per directioD, a set of Btatioaary ffuide-'bndkett EF, is laid between 



the wheel and the sluice-board, and this latter slides over them. 
The ff%ide-buckeU must have a certain position, that the water may 
not strilce on tbe outer end of th« 
Fig.si3. wheel-buckets. If ^<r„ Fig. 212, 

be the direction of the outer element 
of the wheel-bucket, and if ^v, re- 
present in ma^itude and direction 
the velocity of this element ^, then, 
exactly as in Vol. II. g 92, the re- 
quired direction ^e of the water 
entering the wheel is obtained bj 
drawing vc parallel to .4c„ and 
making Jic equal to c, the velocity 
of the water entering, as deduced 
from the height of the water's sur- 
face above ^. If h be the depth 
of .^ below tiiB surface of the pen- 
trough, then c — 0,82 ^2ffh at 
least, as in the discharge through 
fehort additional tnbes (Vol. I. § 323), and when the guide-buckets 
are rounded off on the upper side, then e ^ 0,90 s/2 gh. If the 
guide-curves be made straight, then they are to be laid in the direc- 
tion CAD, bat if curved bucketg AE are adopted, which has the 
advantage of ffraduatly changing the direction of the water's flow, 
then they are made tangents to AD at A, by raising AO perpeo- 
dicnlar to AD, and describing an arc AE from O as a centre. 

As for different depths, the pressure (A) is different, and the velo- 
city due {e) is also different, the construction must be gone through 
separately for each guide-backet. The velocity of entrance is usuafly 
9 to 10 feet, and the velocity of the wheel is } c to } e at the most. 
The construction is to be gone through for the mean level of the 
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mrter in the trough, that the devutioQ in cases of bi^ uid loT 

init«r may not be excessive. 

From this kind of sluice the Mr escapes leas readily than in 
others, and, therefore, the sluice is made narrower than the wheel, 
or the wheel-buckets are specially ventSated, that is, the floor of the 
wheel is perforated with air-holes. It is not advisable to make the 
buckets too close, but rather to keep the water in the wheel by an 
apron, than by making the angle of discbarge too great, for in this 
latter case the guide-bncketB extend over too large an arc of the 
wheel, or become long and contracted, and bo occasion loss of fall. 

As to the efficiency of high-breast wheels, it is at least equal to 
that of the ordinary OTershot. From the advantageous manner in 
which the water is laid on tq^bem, it is not nnfrequently greater 
than in overshot wheels having the same general proportions. For 
a wheel 80 feet high, having 96 buckets, tne entrance of the water 
being at a point 50" from the summit, the velocity at circumference 
being 5 feet per second, and that of tbe water's entrance 8 feet, 
Horin found the efficiency <; ■■ 0,69, and the height of the arc 
holding water— 0,78 . h* 

i 104. Breatt WheeU. — These wheels are either ordinary backet 
wheels, or they are wheels with paddles or floats confined by a stone 
curb or wooden mantle (Vol. 11. § 88). As by a too early discharge 
of the water from the buckets, the greatest loss of fall or of mechani- 
cal eSect takes place in the lower half 
of the wheel, it is evident, that ceeterei ^'<t- ^'3- 

paribui, breast wheels must have a 
smaller efficiency than overshot or high 
breast wheels. Upon these grounds we 
fidl must be carefully preserved for 
breast wheels, or the water kept on the 
wheel to the lowest possible point. 
Hence the angle of discharge for their 
buckets is mode great, or the water is 
even introduced from the inside of the 
wheel, as shown in Fig. 218, or, as is 
the better plan, the wheel is enveloped 
by a mantle or curb, and the buckets 
or paddiea are set more or less radially. 
The curb must not be at more than from J an inch to an inch from 



* [Widi ■ bicb bnut wbMl 30 TmI in diameter, a 
of Ibe wheel, ondet ■ head of 8 inobes, the CommiU 
ihal eltow budieu gave m mtio of cSitet to power i 
bocketf ,<93. Adininiog tbe valei on >t a heigh I of 13 feet S inche*,the elbow bnckeu 
^T«,65SBDdIheocnIrebiioket*,fl3& At 10,96 feel above tbebonom of the whael,ilie 
walar prodDced on elbow bucket* with a head of 4,29 feet, ■ ratio of ,M4, and centre 
bo^eti ,399, wilb the (ate 7 feet abore the botlom of the wheel, and a head of S fert 
of water, ttali'low-breaM" wheel tavB a ratio of ,93 ibr elbow bockeu and , S3 1 lor centre 
booketi. At a heiffat of 3 feet 8 iochea above the bonom of the wheel, and ooe fbot head 
above tbe bottom t^ the pite, elbow bMiketi gave ,599, centre bnckeu ,933. — An. £>.] 

17* 
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the wheel, that as little water as possible may escape tlirough the 
intermediate space. As the buckets or floats of wheels inclosed by 
a curb are not intended for holding water, they may bje placed 
radially, but, in order that they may not throw up water from the 
tail-race, it is advisable to give the outer element of the float or 
bucket such a position that it may leave the water vertically. As 
to the number of floats, it is advantageous to have them numerous, 
not only because by this means the loss of water by the play left 
between the wheel and the mantle or curb is smaller, but, also, 
because, by putting them close together, the impaet-izM is rendered 
less, and the j9re««ure-fall increased. The distance between two 
floats is generally made equal to the depth of the shrouding d, or it 
is taken at from 10 to 15 inches, or oj^e of the rules above given 
(Vol. II. § 88) may be applied for Ring the number of buckets. 
It is, however, essential that breast wheels be well ventilated, so 
that the air can escape outwards, because in them the stream of 
water laid on is nearly as deep as the whole distance between two 
buckets. Air-holes or slits must, therefore, be left in the floor to 
prevent the air from interfering with the water's entrance. This is 
so much the more necessary in these wheels, as they are usually 
arranged to be filled to \ at least, even f of their capacity. 
Breast wheels are generally adopted for falls varying from 5 to 15 
feet, and for supplies of from 5 to 80 cubic feet per second. 

Btmark. Theoretical and experimental researcbea on the subject of breast and under- 
shot wheels, with the water laid on frnm the inside, have been made in Sweden, and 
are given in detail in a work entitled ^HydratUiaka F&rtdk^ etc., of Lagerbjelm, of For- 
selles ouh Kallsieniuft, Andra Delen, Stockholm, 1822." Egcn describes a wheel of this 
kind in his '' Uniertucfmngen ^ber den Effect emiger Wtuierwerke, &c, Berlin, 1831." The 
efficiency of the wheel was not more than 59 per cent., although the fall was 13,42 feet. 
A wheel on the same model was erected in France, but only (/ — 6'^ in diameter. M« 
Mallet experimented on this wheel (see '^BuUeiin de la SodiU dEnamragement^ No. 
282)." and found its efficiency 60 per cent It would appear, therefore, a« Elgen justly 
observes, that these wheels are seldom to be adopted. They can have only a limited 
width, and cannot be so substantial as those receiving the water on the outside. 

§ 105. Overfall Sluices. — Tbe mode of laying on the water to 
breast wheels is very various. The overfall sluicey the guide-bucket 
f^luice, and the ordinary penstock are in use. The water is seldom 
allowed to go on quite undirected. In the overfall sluices, shown in 
Figs. 214 and 215, the water flows over the naddh-beamy or lip A 
of the sluice ; but that it may flow in the required direction, the lip 
is rounded, or a rounded guide-bucket AB^ Fig. 215, is appended 
to it. This guide-bucket AB^ Fig. 216, is curved in the form of the 
parabola, in which the elements of water lying deepest move ; for if 
it were more curved, the water-layer would not lie to it, and if it 
were less curved, the width of the guide, and, therefore, the friction, 
would be unnecessarily increased, and the water would reach the 
wheel less in the direction of a tangent. Acoordinc to the theory 
of discharge over weirs (Vol. I. § 817), if e^ be thebreadth of the 
weir, Aj the height above the sill or lip ITA, Fig. 216, and ^ the co- 
efficient of discharge, then Q » % .« e^ A^ ^/2ffhj ; but if the quantity 
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laid an Q, and brekdtli of the aperture «, (which is only 3 or 4 



inches Icbb than the width of the wheel e) be given, then the head 
for the difldiarge : 

K~( SM^-,8098/'-g-\^. 

Again, the Telocity c of Uie water entering the wheel at £ is deter- 
mined by its proportion « n — to the velocity of the wheel, and, 

V 

hene«, the fall necessary for cotmnnnicating this velocity : 
5-if-A,-.^»ll^%r, 

on account of absorption of fall by discharge, A, ■■ 1,1 . ^^'- * is 
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generally made ■« 2, and, therefore, A^ » 4,4 — . From Aj and A, 

we dedace the height AM ot the lip of the guide-cnrve, Jras A, — A^ 
and if the total fSlX BD a> A, there remains for the head available 
as weight on the wheel MD « EF ^^h^^h — A,. Again, we have 
from the theory of projectiles, the angle of inclination TBM of the 
guide-curve's end to the horizon determined by the formula 

*_ f-?^, therefore, «n. a - I*- P«~\ 

and the length or projection MB of the guide-curve is : 

MB^l^ ^^^'^^ a. A, «w. 2 •• 

Lastly, if the very desirable condition of bringing the water Um- 
genttaily on to the wheel is t^ be fulfilled, the radius of the wheel 
OB^ OFa» a is determined by the equation : 



a (1 — eo$. a « A — A^ therefore, a 



h — h^ 



1 — €09. a 

Inversely, the central angle BCF^a^ of the water arc is determined 

by €09. a. tt 1 * , and when the latter condition is not ful- 

a 

filled, or ai is not made » a, then the deviation of the direction of 

the water entering the wheel from the direction of the motion of the 

bucket on which it impinges : a «■ c^ — a« 

ExampU. Suppose for a breast wheel the quantity of water laid on by an overall 
sluice, Qas 6 cubic feet, the total fall A ss 8 feet, and the velocity of the periphery as 5 
feet, also the ratio of the buckets filling ^|, then for a depth of wheel ^ 1 foot, the 

requisite width on the breast < an f . Jl ■■ — ! b: 3 feet And if the breadth of the 

* rf« 2.1.6 

aperture be made 2} feet, and /m sb 0,6, then the height at which the water stands 
A, « 0,3093 (-A^Jy ^0,1% feet If we take ssf, then the fall necessary to 

generate the velocity c with which the water enters the wheel : 

cssf . 5 as 8 feet, A,bb 1,1 . 0,0155 . 8* ss 1,1 feet nearly, and, therefore, the height of 

the lip of the guide * =s 1,1 — 0,76 « 0,34 feet bb 4 ,08 in ches. Again, for the angle of 

inclination of the end of the guide-curve : nn. « ai /_: ^ 0,5539, and hence « ^ 33^ 

W 1,1 
38^, and the hnadth of the lip of the guide-curve /as 1,1 stn. 67<», 16' ■« 1 foot nearly. 
That the water may enter the wheel tangentially, the radius of the wheel would have 
to be 

a— *^*« — Lzlll -« 41,06 feet; 

1— .CM. « I— <w. 33^38' ' 

but if we limit the size of the wheel to 25 feet diameter, or make a a 12.5, then the 
central angle «, of the water-arc is cos. «, as 1 — I ir .b 0,45, or «, a 63^, IS', and 

the deviation of the direction of motion of the water from that of the wheel at the point 
of entrance : «. — « as 63^ 16' ~ 33^, 38' » 29^ 38'. 

§ 106. Penstock Sluices. — Fiff. 217 shows the manner of laying 
on the water on a breast wheel by the ordinary penstock. The 
sluice-board, which is placed as close to the wheel as possible, is 
made of such thickness and form at the lower edge, as obviates 
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contrftction. For the same resson the end AB of the bottom of the 

Fig. 317. 



pentrongh or lead, is formed with a parabolic lip. The height 

BE^1>F^ h^ Fig. 218, of the end of 

the carre depends on the total fall h, and Fig.3i8. 

on the velocity height 

and IS determined hy the formula 

A, -■ h — A, : hence, as 

CD a — h. ,, ,. 

tot. « a -— - B ? , the corresponding 

eentral angle BCF ■» s — 1 ~ ■ . If, therefore, the water ia 

to be taken on tangentially, the iaclination TSM o( the layer of 
water to th« horiion is to be put « <», and, bence, we determine the 
co-ordinates MA « ^b and BM^ I of the apex of the parabola A by 

the formulas t - '^^j"''*, and / . ^f^^ll^:. 
^9 ^ 

Bnt it is not necessary to set the aperture exactly in the apex of 
the parabola, it mav he placed in any other point of the parabolic 
are, provided that the axia of the aperture it tangential to the para- 
hola (Vol. II. § 98). 

A third method of laying on the water, consists in a penstock 
with guide-cnrres, or buckets, Fig. 219. This arrangement is par- 
ticularly applicable when the water in the peotrough is subject to 
great variation of level. The apparatus shown in Fig. 219 consists 
of two sluice-boards A and B, each of which can be separately ad- 
justed, and tbua, not only the head, but also the orifice of discharge, 
is regulated. It ia not possible to lay the water on to the wheel 
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tangentially by means of the guide-buckets DE; but we can approxi- 
mate to nithin 20 to 30 degrees of this. The water flows out between 
the guides, according to the law for the duekarffe through ih&rt addi- 
tional tuiet, and, therefore, the co-efficient ^i may be taken as ,82, 
or when the bottom of 
Tig. S19. the sluice-board is accu- 

rately rounded on the 
inside ft — 0,90. Hence 
the co-efficient of resist- 
ance is greater in this 
case than in orerfall 
sluices, or in the ordi- 
nary penstock. Assum- 
ing fi = 0,S5, the height 
necessary for pToducing 
the velocity e is: 



\0,S5/ 2g 



~ 1,384-11, and hence 

the portion of the total 
height h remaining in 
water-arc is: A,™A — A, 
~h — 1,384 i^. In 

the case of a variable supply of water, the irrangementB are adapted 
to the average supply, by laying the outer end Jtf of the centre 
guide-curve at the height h^ above the foot of the wheel F. In 
order to place all the guides at the same angle of circumference as 
the wheel, the normal position of which is 8 inches ti'om the guides, 
they are drawn tangential to a circle KL, concentric witfa the wheel, 
the position of which is determined by the direction EK of the first 
goide-curve. 

§ 107. Cotutnuaum of the Curb or Mantle, and of the Wheel— 
The mantle or curb by which breoat wheels are inclosed, in order 
to retain the water in them as long as possible, is formed either of 
masonry or of wood, and sometimes of iron. The object of the 
curb is the better fulfilled the less the play between the outer edge 
of the buckets and the cylindrical surface of the curb, as the water 
escapes by whatever free space is left. The play amounts to ^ an 
inch in the beat construct^ wheels; but it is not nnfrequently as 
much as an inch, or even 2 inches. When the wheels are of wood 
and the curb likewise, a play of ^ an inch is an insufficient allowance, 
because the curb is apt to loose its symmetry, and then friction 
between the buckets and the curb might ensue. For iron wheels 
and stone curbs, the chances of defgrmAtipn are^ffwU, ^i^d, there- 
fore, a very small amount of play is sufficient. When the wheels 
fit too closely in their mantles, stray pieces of wood or ice floated 
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on to the irheet m&j have very iDJarious consequeDces. It is, 
therefore, neceBsarj to have a screeu in front of the sloicea to keep 
back all stray matters. 

Stone ourbB are constructed of properly selected and carefully 
dressed stone, or of brick, either being laid in good bydraolic mortar 
or cement. Wooden curbs ^E, Fig. 220, are composed of beams 

nB.330. 



Jl, C, E, of larob or oak, carefully planked with deals curved as 
required. The bed of the curb is inclosed by side walls, so that 
lateral escape of water is prevented. If the water can flow off by 
the tail-race with the velocity with which it is delivered from the 

Tig. 331. 
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wheel, then the curb may be finished flush with the bottom of the 
race, as at £, Fig. 221 ; but if the water flows with a less Telocity, 
then the race should be cut out deeper, as at JIE, Fig. 220, so a6 
to avoid all risk of back water. 

The construction of these wheels differs essentially from that of 
overshot wheels, in 'respect of the buckets of the latter forming cells', 
whilst in the former these are mere. paddles or floats; and this gives 
rise to a different mode of connecting the buckets with the rim of 
the wheel. The Germans distinguish Staberdder and Straufyerdder. 
The former have 9hroud%ng9 like the overshot wheels, to support 
the floats; in the latter, the floats or buckets are chiefly supported 
by short arms or cantilevers, which project radially from the circum- 
ference of ! the wheel. Fig. 219 is a wheel with shrouding, Figs. 
220 and 221 are Stravherdder. Fig. 221 is a wooden wheel, and 
Fig. 220 an iron wheel. Very narrow float wheels have only a 
single narrow ring by which the floats are attached on to cantilevers. 
In wooden wheels the supports for the floats are passed between the 
two sides of a compound ring forming the shrouding. In iron wheels, 
on the other hand, they are either cast in one piece with the seg- 
ments of the wheel, or they are bolted on to these. The backets 
or paddles are usually of wood, and are nailed or screwed to the 
above-described supports. The floor of the wheel is placed on the 
outMe of the rings or shrouding, and does not close the wheel com- 
pletely, slits being left for the escape of the air, as is represented 
in Fig. 215, in which DE is the wheel-paddle, composed of two 
pieces, £f a piece of the bottom of the wheel,, and G the air-slit or 
ventilator. 

§ 108. The Meehanieal Effect of Ourb Wheels.— The mechanical 
effect produced by wheels hung in a curb or mantle consists, as in 
overshot wheels, of the mechanical effect produced by the impact, 
and that by the pressure or weight of water. The formula repre- 
senting the efficiency of each is the same, save that the determination 
of the loss of water requires a different calculation, inasmuch as in 
the one case the water is lost by a gradual emptying of the backets 
in the arc of discharge, and, in the case now in question, the water 
escapes through the space necessarily left between the wheel and 
the curb. We have, therefore, to determine how, and in what 

auantity, the water escapes through this space, and hence deduce 
lie loss of effect to the wheel. If we put, as for overshot wheels, 
the velocity with which the water goes on to the wheel at the divi- 
sion line BB c^j the velocity of the wheel in this line or circle »■ v^, 
and the angle e^ E v^y Fig. 222, between the directions of these velo- 
cities » ^ then the effect of impact : 

^ (e^co%.i^ — v,)v^ ^ Q ^ 

9 
If, further, G£, the difl^rence of level between the point of entrance 

£, and the surface of the water in the tail-race, GH b A,, we have 

(nefflecting loss of water through free space) the effect of the weight 

of the water a A^ Q y, and hence the total effect is, as before : 
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.(!£i£?fL?i=5>Ii + *,)«,, 



From the theoretical efibot given bv the formula, we have to deduct 
the loss bj the eaoape of water. This loss affects chiefly the effect 



of the water's weight, as the water eBCapes uninterruptedly, as any 
nven basket or float BD desoends BuccessiTely to the position B.D^, 
B.Dp &0., to the lowest point FL. The free space forms an onfice 
of discharge through which the water escapes under a variable head 
BE, B,E„ BJS^ If we put e — the width of the wheel, and the 
breadth of the free apace — », the area of the orifice of discharge 
B t«, and if we pat for the head BE, B^E^, kc, z, z„ z^ ke., and « 
for the co-efficient of discharge, then the qoantity escaping in any 
ioBtant of time t, t hrong h the free space : 

K A be the number of positions of a float assomed, the mean escape 
nraiu each cell : 

or for one aecood : _ _ 



.v-%(-^ 



Bat the whole of the cells, or the water-arc, corresponds to the fall 
A„ and, hence, the loss of mechanical effect may be put : 

There is a slight loss of water on each side of the wheel, as there 
most be a free space of 1 to 2 inches here. If we put arcs BO, 
TOL. n.— 18 
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BiO„ &o., of th« curb covered iritli water, equal to I„ l^ &c., then 
the water escaping hy the eidee, as it were through a Beriee of notches 
or small weirs: 

and, therefore, the corresponding loss of mechanical affect : 

§ 109. XiO$8et. — There is a still farther loss of effect, wh«n the 
surface of the water in the lowest cell does 
Fig. 233. not correspond with the sar&ce of the tail- 

race, as represented is Fig. 223. For in 
this case the water flows from the cell £J) 
I>,B^, as soon as the float SD passes the 
end of the curb F, and acqniree a velocity 
dne to the height FM— h„ in addition to 
the velocity f of the wheel. This height 
A, is variable, bat its mean value is evi- 
dently i h^ and, therefore, the head to 
which the velocity of the water flowing from the wheel is due is 

not — , but —- + \h^. We have already deducted the loss due to 



^h^Qyta deduct from the effect found. From this we see, that a 
sudden fall from the end of the circle should be adopted only in oases 
where back-water is to be feared. 

There are still other sources of loss of effect in breast wheels, 
each as the friction of the water on the corb, and the resistance of 
the air to the motion of the floats ; but these are comparativelj of 
slight importance. 

1 110. /Wmuto/or Total Effect.— V(e shall now give the formula 
for the total effect of breast wheels, leaving out of consideration 
the loss of effect by escape of water at the sides, as also the loss 
from friction of the water and resistance of the air ; but allowing 
for the escape through the free space between the wheel and corb, 
and for the friction of the gadgeona. The formula will then stand 
thus: 

i- Pr ■ (fL£f!j^m>i Qy -I- A, Qy-»«swA,-— /ar t., 

9 a 

in which v> is substituted for the mean velocity of discharge: 

and r for the radios of the gudgeons. Henoe: 

^-[^^^^^■+ ».(»-T)]«'-j/<"- 

or, introducing i the oo-effioient of the backet's filling, generally 
a i, and — B , we have: 
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If we pat the total fall, measured from the surface of the water in 
the pentroogh to the surface of the tail-race » A, then, instead of A^, 



we may introduce h — 1,1 . » and then: 

^ _ [ (.c.. ,-..).. ^ (, !.„ . ^)(, _ «5)] ^,_,^r_ . 

In order to find the value of the velocity of entrance <?j, for which 
the effect is a maximum, we have only to consider when the expres- 
sion 

C| V^ C09. M _ 2 J fi! /i _ ?_i!?\ 

g ' *2^\ idvj 
is a maximum. Putting ^^ ^^*' ^ b 2r, then the expression 

to be made a maximum becomes he^ — e^. But we know from Vol. 
I. § 386, that this becomes a maximum for Cj a ^ , and, therefore, 

it is evident that the effect will be a maximum when the velocity of 
entrance of the water c^ tm ^i^o^' f^ ^ 

If, from the necessarily small value of t^j we put eo$. m ■" I» ^nd 
assume also, that there is no loss in the discharge from the sluice, 

then c^ ■■ ^ ; and hence we perceive that the velocity of en- 

idv. 
trance must be maae greater than the velocity at the circumference 
of the wheel, and this so much the more as the free space $ is greater* 
The loss by escape of water is not, as an average, more than 10 to 

15 per cent., or !-- — a ^^^ to 3^^, and, therefore, the velocity of 

entrance of the water ^1 ■» V ^1 ^ f f ^i* ^^ practice, however, c^ 
is made »■ 2 Vjy or the wneel revolves with hdif the velocity the taater 
ha$ cufquired at entering the wheels because in this way the loss is 
not much, and the water's entrance is more easily regulated. 

If we introduce c^ coe. ^ ■■ 2 Vj, or Vj ■■ } e^ cos. 1^ into the equa- 
tion above found, we get: 

From the factor (1 — LI!? ) we learn that the maximum effect 

\ M d vf 
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^ $W 



does not take place here when v a 0; for even when v » ^-—7- the 

9 a 

whole effect of the watered weight is lost bj the water escaping 
through the free space. 

§ 111. Efficiency of Breast Wheels. — Morin has made a number 
of experiments on breast wheels of good construction. He has 
compared his experimental results with those of the theoretical 
formula: 

and has found a tolerable agreement between the two to subsist, 
when the formula is corrected by a co-efficient »j or if we put: 

One wheel on which Morin experimented was of cast iron, with 
wooden buckets placed obliquely to the sluice, and turning in a 
close-fitting iron curb. The wheel was 21 feet 4 inches in diameter, 
and 4' — 10" wide ; the fall was 6' — 6", there were 60 floats, and 
the velocity of revolution was from 8' — 4" to nearly 8 feet per 
second, the velocity of the water from a well-constructed sluice 
being from 9 feet 2'' to 10 feet 6"» The co<efficient x was found 
to be about 0,75, and the efficiency, including the friction of the 
axles, nearly 0,60. A second iron wheel, experimented upon by 
M. Morin, was hung in a well-fitting sandstone curb. It was 13 
feet diameter, and 18 feet wide. There were 82 floats, the fall 
being 6 feet 6'^ So long as the speed of the wheel did not differ 
more than from 47 to 100 per cent, from that of the water entering 
it, that is within speeds varying from 1' — 8" to 6 feet, the co-effi- 
cient X remained nearly constant, viz. : « 0,788, and the efficiency 
of the wheel was a 0,70. A third wheel was almost entirely of 
wood, and hung in a close-fitting curb. Its height was 20 feet, and 
it had 40 floats. Worked with a common sluice, the co-efficient x 
X8 0,792, and with an overfall sluice this rose to 0,809. The effi- 
ciency, however, was in the first case only 0,54, and in the second 
0,67. If from these results we adopt a mean value, we get for 
breast wheels with penstock sluice : 

L - 0,77 ((fiffiMZI^ + h\ Qr, 

and for those with overfall sluice : 

L - 0,80 ^(o«^o»-M-t>)t> ^ j^\ Qy^ 

from which, however, the mechanical effect consumed by the friction 
of the axles has to be deducted. The ereater efficiency of the 
overfall-sluiced wheels arises from the wa#r entering more slowly 
than in the case of the penstock, and, hence, there is no loss by 
impact. 

It follows, besides, from Morin's experiments, that the efficiency 
diminishes if the water fills more than from } to f of the space be^ 
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tween the floats, and that the efficiency does not vary much for varia- 
tions of the angular velocity of the wheel from 1' — 8" to 6' — 6" 
per second. 

Egen made experiments on a breast wheel 28 feet in diameter, 
and 4^ feet wide. There were two peculiarities in this wheel. The 
69 well-ventilated buckets, were constructed exactly as in overshot 
wheels ; and the sluice was in two divisions, of which, according to 
the state of supply of water, the upper or under one could be drawn. 
Although the mantle fitted very closely, the efficiency of this wheel 
was, at best, only 0,52, and as an average, with 6 cubic feet water 
per second, and 4 revolutions per minute, the efficiency' was only 
0,48. 

Experiments with a breast wheel are described in the ^^ Bulletin 
de la SociStS Indust de Midhouse^ L. XVIII." The wheel was of 
wood, 5 metres or 16,4 feet in diameter, and 13 feet wide, made in 
three divisions on 2 centre shroudings. The curb started from a 
parabolic saddle-beam 8 inches in height, and the water was laid on 
by an overfall sluice 8 inches high. Thus the velocity of the water 
was about 8,8 feet, and the angular velocity of the wheel from 5 
feet to 6' — &'. The buckets were filled from ^ to {, and the effi- 
ciency increased as the buckets were more filled. When the 
buckets were quite filled, the efficiency was 0,80 ; when half-filled, 
it was 0,78 ; and with less water, it was only 0,52. The experi- 
ments on the efficiency of the wheel for different degrees of filling of 
the buckets, were easily and precisely made in this case, from the 
circumstance that the water could be laid on each division of the 
wheel separately.* 

Easamfk, Bequiied the cakmlated^proportions of a bmst wheel, being given Qas 15 

cobio feet per second, A ^ 8} feet, ancl the velocity of revolution 5 feet We shall assume 

the depths of the floats or of the shrouding to be 1 foot, and suppose the buckets to be 

20 30 
filled to 4 their contents. The width of the wheel is, hence, s a — as — as 6 feet. 

' dv 1.6 

AMome al«> that the water enters with double the velocity of rotation, then csa2 . Ssb 10 
feet, and Uie fall required to generate the velocity 

A, » 1,1 ^ I. 1,1 . 0,00155 . 100 tm 1,705 feet 
2g 

Dednctjng this impact ikll from the total fidl, there lemains for the height of the curb, 

or for the iail during which the water's weight alone acts, APaA — Ai^ 8,5 —1,705 

■■6,795 feet We shall adopt a large wheel, that the water may not fiiU too high into 

it Making the radius ass 12 feet, and the radius of the division line as 1 1,5 feet. 

The water revolving with the velocity of the wheel, we shall suppose to be carried to 

the bottom of the curb, as represented in Fig. 224. The central angle a of the curb 

JBG, or the angle by which the points of entrance of the water E deviates from lowest 

point ^, is 

cm. •«! — ^ n 1 -.i!Z^»0,4092, 
fl. 11.5 

and, hence, a ^ 65^, 50^. We shall assnme that the direction Ec^ of the water 
deriateft 80 degrece Aom the direction A^ of the wheers motion at the division 



* [For the efficiency of breast wheels, with elbow and centre buckets, see above (p. 
182, note). The Franklin Institute committee found, with a 15 feet wheel and elbow 
bockels, taking the water 10,46 feet above the bottom of the wheel, an efficiency ftom 
619 to 677, and laying in on 7 feet from the bottom, the efficiency varied, with different 
AmA^ fiom ,568 to ,631.-*Am. Ed.] 

18* 
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drale, mi nfei ihe velocitf of 9 ftet, in like manoei, (o the diTinoa or piM oird*. 
We iben have the co-onlinBWs ot the gutnmil of the parabolic addle, jU(=h I; ^ 
^L^L^i£!i2^ « 0,e feet, nod Jkt£ » I _ fL WL ei<> 4' — 1,5S feet ; aooordins to wbuh 
ditnetitioiii the cooitntclion of Fig. SS4 bu ben earrJed ooL He height of the water 
FiS.334. 



^Jt above the nil i t i| — t» 1.705 — 0,; b 0,90S, and if we put the height of the orifiee 

. ._ Q IS 

f« l^y (o,90a _ — 0,9 . 8 . 8,03 /o,905 — 1 
:. land, hence, x^O .4 ftet 



14,43 /o,905 — I / 0,906 — | 

nie theotetiaal efiectof tbi* wheel iiZ^ 

A'°»-^— >° ) ».) Q y« (<'°"*j'^°°-'^° + 0,795) . 15 . 63,85 - 7344 feet 

Iba, and the whde aTsibible eflect ii 6,5 x S33 feet lb& —7930 feet Iba. We have 
DOW to dedoct the loaa by the eenpe of waiei tbroagfa the free ipaoe between tiiB oarb 
and the wheel AMuming the plmi to be 1 inch ^ j^ Smi, then the area of the slit bjr 
which the water can escape is ^^ . 6^) iquaTe feet- Id oidei now to find the mean 
velocity », with wbiob the water paaiee through thii aperlure, the height of cnrb KG ia 
to be divided into S equal parU, and Ihe poaiiion of (he biickeu for each point »o found, 
accurately delineated, ai is done in Fig. 3S4, and Ibe heads or pretsotei measured. 
CornmeociiiK at Ibe top, we have: zeO.BO, i, — 0,80, cb>0,80, ii>i0,80, c, is 0,67, 
1^^0,48 and i,^0. From thi« we have the mean of (he iquara roota of these 
quantities^ 

■ i' 0>8S^+ O.S»' + 0,894 + 0,8184. 0.6934- „o77ffq 

and,benoe, the mean velocity of escape of Ibe water — 8,09 x 0,7736 w 6,188. The 
mechanictil efied oorresponding to this is Li^tiiwk,y,io whichf^0,7 the co- 
effloient of discharge, tberelbre, 

X— 0,7 . i . 6,188 X 0.79 X 63.35 — 916 feet tba. 
Tbe loss by eacape a( the (trfa oT the wheel may be caloulated bj the fommla given $ 
108. It will b« founds 180 feet Iba. So that the total loat by the escape of water 
^1006 feet Ibsj dedua(ii^ this frotn 7344 feet Iba, there remain 6148 feet Ibe. 



eftatjire. The Mocpa of waui in ihit wbeel we we invol*es n Ion or IS per oent or 
the oiecbtiucal efiect or iha Tall. By ihe riiction nf Ilia wnler and ihe resislance oT ihe 
WBUT, Ibe km is about ISO feel Ibe^ or about 2} per cent. There remBina, iberefore, 
S98B feel Ita. 
If DOW weiafce the weigbtofthe wheelOK^^ ^.ihemdoorflltingthabackeit, 

being j, we bKTeit«^°-Li«,^_ land X_^!!«: 11 Iba. feet nnil; ; then, Ihe 

weight of the wheel _ 3000 X 'g _ jqjq [^^ Hence, Ihe radias of the gudgeona 

rx= 0,009 t/t^X s 0,1 B2 feet,an4 fVom this we get the mechanical effect absorbed bjr 
fricttonK-/O«»i2-li!..0,l . 16500. S ik 130 feet Iba. Making this Aulhei da- 
dociiMi, there rsmaina 5852 feet Iha. ^ 10,6 feet Iba., and, laetly, the ifiamqi of the 
wh 1 5853 __n-H. 

~ 7930 ' 
§ 112. Undershot Whtelt. — Undenhot wheels ngiially hftng in a 
channel made to fit as closely to the wheel as poBsible, so that water 
may not escape without producing ita efiect. Hence, the application 
of a channel having a curb concentric with the wheel is considered 
better than a straight channel tangential to the wheel. The cnrh 
allows of some of Uie effect of the 
weight of the water being availed of. ^*- ^^■ 

The calculation for such a wheel 
as is represented in Fig. 225, when 
the curb JlB embraces 3 to 4 fioats 
at least, is identical with these for 
the breast wheels last considered. 
The mles for constmction of under* 
shot wheels, correspond too with 
those for breast wheels. The floats 
are nsnally pnt in radially; but 
Bometimes they are inclined up- 
wards towards the sluice, that they 

may carry no water np with them on the opposite side. These 
floats are not nnfreqnently composed of two eqaal pieces ^D and 
BD, Fig. 226, so that the 
allele ^Lb — 100° to 120". f <«■ ««• 

This arrangement allows of 
ample openings being left in 
the,yIi>ort»^of the wheel, with- 
out fear of the water flowing 
throogh the sluice. The cells 
or bucketa are allowed to fill 
from one-half to two-thirds of 

their capacity, or i — } to f. _. _ 

To prevent overflow of the 

water inwards, or, in order to have greater capacity, the dM>th of 
the wheel, i. e., of the shrouding, is made from 1& to 18 inches. 
The laying on the water tangentiaify is more rarely done than in 
breast wheels. The sluice-board is inclined in order that the sluice- 
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aperture may lie as dose to the wheel as possible. The lower edge * 
should be rounded off to prevent partial eontraetum of the rein of 
water. 

§ 118. The effect of undershot wheels is less than that of breast 
wheels, the fall available as weight being ^eater in the latter. The 
half oi the fall is necessarily lost when it acts by impact, whereas' 
the loss by escape of water actins by its weight on those wheels does 
not amount to \ of the whole. Experiment has satisfactorily estab- 
lished this. The wheel with which Morin experimented was 19^.6'' 
in diameter, 5^ feet wide, and had 86 radial floats. The sluice was 
inclined at an angle of 84^^ to the horizon, and the sluice-aperture 
was 2^ feet back from the commencement of the curved course. 
The total fall was 6' — 8", and the head on the sluice-aperture 4' — 7". ■ 
There was, therefore, a fall of about 1' — 8" through which the 
water's weight acted. The velocity of the circumference of the 
wheel was from 6' — 6" to 18' — 0" : and the velocity of the water 

on reaching the wheel from 16 to 18 feet. As long as - did not ex- 

ceed 0.68, the efficiency n was 0.41 as a mean: but when - varied 

c 

between the limits 0.5 and 0.8, then the mean efficiency ^ was 

only 0.88. 

Retaining our former notation, we have, for the effect of this 

wheel, exclusive of friction of gudgeons, 

Pv _ 0,74 ((iZl^« + A.) Q y, 

in the first case; and 

Pt;-0,60fc!!):? + A\Qy 

in the second. 

A second wheel with which Morin experimented, was about 13 
feet high, 21 — 8^^ wide, 11,8 inches deep, and had 24 floats. The 
water was laid on by a vertical sluice, and reached the wheel through 
a straight course 2' — 8'' long. This channel and the curb were of 
sandstone, and the free space left amounted to only 0,2 of an inch. 
The mean fall was 8 feet. The head of water on the sluice-aperture 
varied from 6 to 18 inches. Experiments were made at various 
velocities of rotation. For small velocities the efficiency was very 
small. For the mean velocity of 5 feet it was a maximum, and, 
when the velocity of the water's arrival on the wheel was not much 
different from this, a maximum efficiency 0,49 was obtained. For 

ratios of velocities'- a \ and - b 4, the mean value of s was found 

c e 

to be, as for the former wheel 0,74. Hence 

Pv - 0,74 /(lZl?)_? + A \ Qy, 18 the formula for this case also. 

Morin puts together the results of his experiments on wheels con- 
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fined IB muitles or tarbs u follows. Wheels in wliich A, — }A 
> — 0,40 to 0,45. Wlion i,»|A, .- 0,42 to 0,49. WhenA,— }&, 
» — 0,47, and when A, — |A, ■ — 0,5S. 

BxamfU. Ilsqnired,(hee0ect of an nndarahot wheel, 15 feel in<1iBTneter,aDd making 
8 temliitkMU per minute. Th« All 4 feet, and the qoantitjr of watei 30 cubic feet pet 
Moond, V _ TJ^ B — — : — K 0,283 feet, and mppoaiDg the velocitr of the water 
to be double this, then ibe preamie of the water in front of the iluioe, oi what we havs 
termed the inuMct-IkU K 1,1 ^b l,t xO.OlSS X 13,56' ~ 2,080 fMt, ■ad, there then- 

Owe remaioi u fall, through which the water act* hf iu weight, A, ■> 4 — 3,68Bb ],311 
' feel, and hence the Ihearetical effect c (0,031 . e,2g3>+ 1,311) SO . 62,5 >■ (1,963 
+ 1,311) 124Sa3264 feet tbs. In thii cage, A, » iziii A = 0,33 A, and. 



§ 114. Whtelt in /Straight Covraet. — When the undershot wheel 
is hnng in & straight course, the effect is a miDimum; because the 
water produces its effect by impact alone, and a considerable quan- 
tity escapes unused. Theee wheels are only adopted for falls of less 
tbRQ 4 feet, and where teater power is of value the Foncelet-wbeel, 
or turbines, are now invarially preferred. They are made from 12 
to 24 feet in diameter, with £^ to 48 floats, usually radial, but 
sometimes placed with a slight inclination towards the sluice. The 
breadth or depth of the floats should be made about three times the 
thickness of tne layer of water coming through the sl^uice, because 
the water in contact with the wheel retains only 35 to 40 per cent, 
of the velocity of the water before impact, when the greatest effect 
is produced; and, therefore, the stream of water flowing along as 
the wheel revolves is 2^ to 3 times the thiokness of the water com- 
ing from the sluice. The depth of the sluice-aperture is nsually 4 
to 6 inches, and thus the floats are made &om 12 to 18 inches deep 
for the above reason. The straight course in which undershot 
wheels are suspended may be either horizontal as in AB, Fig. 22T> 

Fig. 227. 



or inclined, as in Fig. 228. That as little water as possible maj 
escape unemployed, the space between the wheel and the course 
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must b« redooed to 1 or 2 inoliefl at most. And henoe, it is better 
to 1&7 the coarse with a sligfat carrattire, the floats being made so 
numerous, that there are alwa7a 4 or 5 floats submerged. 



The penstock is set with an inclination to bring the orifice of 
discharge as near to the wheel as possible, and to avoid contraction. 
To prevent back-water, the coarse is made to drop soddenly some 
inches, at the point where the water qoita the wheel. Besides this 
provision, arrangements for rusing and depressing the wheel, or the 
water-coarse, are adopted. 

Tig. 227 represents a lift for the wheel (called in German Zieh- 
pantter). The axle 3f of the lever 3fZ> coincides with that of the 
wheel, so that the connection between the driving wheel and pinion 
may not be altered in raising or depressing the water wheel. All 
these arrangements are, however, rendered unnecessary by the adop- 
tion of the turbine, instead of tmdershot wheels, in all cases in which 
the water is liable to much variation. 

§ 115. Uieful Sffect of Undenkot WTteelt. — Experiments on the 
useful effect of undershot wheels, with straight courses, have been 
made, but only on models, by De Parcienx, Bossat, Smeaton, 
Laserlgelm, &c. 

The experiments of Smeaton and Bossut are the best* The re- 
sults of the experiments are satisfactorily in agreement with each 
other, and confirm the theory. The mechanical effect evolved by 
these wheels was ascertained in all the experiments, by raising a 
weight by means of a cord passed round the axle of the wheels. 
Sneaton's experiments were made with a small wheel 75 inches in 
circumference, having 24 floats, each 4 inches wide, and 3 inches 
deep. The general conclosion at which Smeaton arrived is, that 

for the velocity ratio - _ 0,34 to 0,52, the maximum nsefdl effect 

amounts to 0,165 to 0,25. Bossut's experiments were made with 
a wheel, 3 feet in diameter, prorided witn 48, with 24, and with 12 
buckets, 5 inches wide, and 4 to 5 inches deep. Bossat foond, as 

* [Sea Toot Dots and ttHtvoot next ftga^—An. Ea.] 
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theory indicates, that with 48 floats, the efficiency is greater than 
with 24, and with 24 greater than with 12 ; and he deduced from 
his experiments that about 25^ of the wheel's circumference, or 
■^jf • 48 at y, or more than 8 floats should be in the water at the 
same time. From Bossut's experiments on the wheel with 48 floats, 
a somewhat greater efficiency results than is indicated by Smeaton's 
experiments, and this may probably be attributed to the greater 
proportional number of buckets in Bossut's model.* The mean 
result of the two sets of experiments gives the effect of such wheels, 
friction not taken into account : * 

L - 0,61 (^ — '^)^ Q y - 1,19 {c — v)vQ feet lbs. 

This formula will only apply on the scale of practice, when the 
play allowed between wheel and course i$ not greater than H inch. 
Instead of Q we have Fc, in which F is the arc of the float cQpping 
into the water; and hence we have the formula given by Christian 
in his ^^MSeaniqtie %ndu9trielUj' substituting 0,76 for 0,61. 

L »- 0,76 Fy . fezil) c t; - 1,48 {e — v) Fevteet lbs. 

From the experiments extant, it follows also, that the maximum 
effect is produced for the velocity ratio - » 0,4, as indicated by 

theory. For greater velocities this ratio is somewhat less, and for 
large bodies of water the ratio is somewhat greater. 

§ 116. Part&ian of Water Power. — ^A given faU of water is often 
divided between several wheels, not only because a single wheel 
would have cumbrous dimensions, but more especially for the sake 
of working different machines or tools independently, avoiding the 
coupling connections with one source of power. The question may 
arise as to a division of height of faUy or, as to partition of the 
quantity of water. As a general rule, we may assume that for 
wheels 'on which the water acts by its weight, a partition of the 
quaniUjf of water, and for wheels on which the water acts by impact, 
a partition of the height of fall is to be preferred; for we have seen 
that the efficiency of overshot wheels of great diameter, is greater 
than that of overshot wheels of smaller diameter, or even than 
breast wheels; and, on the other hand, it is manifest that the loss 
of effect by impact, and by the escape of water through the wheels, 
is less when these wheels are placed one behind i)ie other, than when 
they are put side by side, because the velocity due to the height 

corresponding to the loss of effect > ~^' (Vol. I. § 887), and the 

ratio -L of the free space to the depth of water, is less than in the 
latter case. For breast wheels in a curb, on which the water acts 

* rrbe mtio of effect to power, obtained by the Committee of the Franklin Institute, 
was Kmnd to my from ,266 to ,305, and the ayeiage it set down at ,385. See Joarnal 
Fnnklln Institnte, 3d aeries, YoL IL, p. 3, fi>r JaUr 1841.— Ax. En.] 
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by its Te^ht and b; impaet, aad in wbich tbe lou of water depend! 

mainly on -^ , tbere ia no general rule for the preference of one 

mode of partition over the other, and the circomatances of each case 
most determine oar choice. 

§ 117. Floating-ntU Wheels. — Wheels suspended on two boats, 
or barges, convenientlj moored in a river, are undershot wheels 
without curb or limited course of any kind. These wheels are sup- 
ported either on two boats, one of which contains the mill machinery, 
or one end of the azie rests on a boat, the other resting on piles 
driven in on shore, in which case the milt machinery is kept on 
shore. 

The conetmction of boat-mill wheels cUffers from that of ordinary 
undershot wheels, inasmuch as they have no shrouding, the floats 
being attached directly to the arms. These wheels are made &om 
12 to 15 feet in diameter, and have generally only 6 or 7 floats, 
although 10 to 12 would constitute a better wheel. The floats are 
made long and very broad, that they may catch a large stream of 
water, for, the velocity being usually small, the via viva depends in 
a great meaeure on the mass. Floats of 6 to 18 feet in length, and 
2 feet to SO inches broad, are usual. The floats are incTined at 
anglee of from 10'^ to 20° to the radios, and dip to about one-half 
their breadth into the stream. 

Fig. 229 represeate a boat-mill (Fr. moulin d nef; Ger. Schiff- 

Fis. 2se. 



fliflAIe^. A being the mill-honse on the bai^ B, and C a wheel 
with 6 floats, the axle of which paeaeB through the mill-house, and 
projects as far on the opposite side of the boat as the one seen in 
the figure does on this. The mill gear is within the house. 

The effect of boat-mill wheels is less than of wheels hung in a 
confined course, for two reasons, vis.: the water not only escapes by 
the sides, and under the floats, but a considerable quantity passes 
throudi the wheel without ooming into action, from the small nun- 
ber of buckets that dip into the water. 
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§ 118. The theoretical eftct of a freely Bospended water wheel 
may be represented, as for undershot wheels, by the formula 

e and v being the velocities of the water and of the wheel, and F the 
area of the part of the float dipped, neglecting the damming up of 
the water upon it* This expression has to be multiplied by a co- 
efficient allowing for the loss of water. 

$ 119. Experiments on the effect of these wheels have been made 
by De Parcienx, Bossut, and Poncelet, but principally on models. 

Boaaut's model wheel was 8 feet in diameter, had 24 floats, 6^ 
inches wide, dipping 4|- inches into the water. The velocity of 
the water was 6 feet per second. The result of these experiments 
gives ^ n 1,87 to 1,79 as the co-efficient, by which the formula 

L » (^—^)^^ F^ is to be multiplied, and /* - 0,877 to 0,706 as 
9 

the co-efficient for the formula L ■■ V^ ^)^^ Fy(9ee D'Aubuisson, 

9 
^* Hydraulique," § 852). The limits of the values of the co-efficients 

are nearer each other, in this latter case, than in the other, which 
was to be expected, as, from the number of buckets, the second for- 
mula is most applicable. The number of buckets should be such 
that 2 at least are in the water, and then the latter formula with the 
mean co-efficient /» « 0,8, will apply, or, 

L - 0,8 i^—^)^^ Fy » 1,55 ((?~r) c r -F feet lbs* 

SI 
Poncelet's observations, made on three boat-mill wheels on the 

Bhone, agree with this. These wheels were 8 to 10 feet long, and 
the floats dipped 2^ — 8'' to 2' — 9^' into the water flowing with a 
velocity of from 4 to 6| feet per second. Poncelet cites an experi- 
ment by Boistard, and one by Christian, both of which confirm the 
accuracy of this formula. 

Bossut's experiments, in exact accordance with theory, show that 
the maximum effect is obtained when v wm 0,4 c, and Poncelet's ex- 
periments on the Bhone boat wheels also give : - m 0,4. 



Introducing v » 0,4 c into the above formula, the useful effect 
becomes: 

X- 0,8 M-I-M^JPy- 0,192^ jPy-0,884f!. ^r, 

9 9 ^9 

and, hence, the efficiency ^ ■■ 0,884. 

De Parcieux's experiments were specially directed to ascertaining 

the best position for the floats. The result was that an inclination 

of 60^ to* the stream is the 1)est. 

Bmtmik, Then bat k»g been • doulK ■• to wbieh of the two formulaB 
£ a. f^Qj^^yv f^^^i ^f*i(g— »)g» fyi^ the more correct The one ia known 

g g ^ 

u ParmU'i formnle, the other ■• Bordai* Now, althoagh for a wheel in an unooofined 

voih n. — 19 
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■tmm notiDg on ihe Soati, all ihs wotei 8oin( tfan»(h the wlieel doM not tmnne dw 
velocity or the floats, yet, ootnicioring ibo greal extent or iho floali' nurfiuse, it may cer- 
tainly be presomed that lb« grealer part of the water on impinging, take* the Telocity of 
the float*, and, hence, Ihe greater aocordatice between experiment* in Borda'* foitnula ii 
explained. Parenl'i Ibrmula i> Ibunded on the ainnnpikm that the impaot ia propoc- 
lional lo the beigbl duen the rtlatire velocity c — v. (Cnnpart Vd.Lf 303, wberetbe 
Torce oT impact ii given ^ 1,80— ^^ when v^O.] 

§ 120. PonceUt't WieeU. — If the floats of nnderBliot vheela be 
curved bo that the Btream of water rnnit along the coocare side, 
prenins upon it without impact, the effect produced is zreater than 
when the water impinges at nearly right angles agamat straight 
liuckete. 

Poncelet introduced these wheels. Thej are of very adrantageoos 
application for low falls under 6 feet, becaase their effect is much 
greater than that of undershot wheels with or without a curb. For 
greater falls, breast wheels with a well-formed circle excel them, 
and as their construction is more difficult, they &re not applied for 
greater falls than 6 feet. Poncelet has treated of these wheels in a 
BpecisI work, entitled ^^Mimotre rur lea Roua Aydrauliquei d aubea 
eourbet, muea par-deuovt, Metx, 1827." Fig. 280 represents the 

Fig. 330. 



general arraDgement of these wheels: AE'w an inclined sluioe-hoard; 
jiB is ^e stream of water entering the wheel at the bsckets BD 
and BJ>j. FO- is the surface of the tail-race. In order that nearly 
all the water may come into action, the wheel must have very little 
play in the water-course, and to prevent partial contracUon, the 
under side of the aloice-board is rounded off: also, to prevent loss of 
vit viva by friction in the channel, the aperture of the sloiee is 
brought close to the wheel. The first part of the course AB is 
inclined at j'g to ^. Ihe remainder of the oonrse, which* embracfls 
the length occupied by three buckets at least, is accurately curved 
concentrically with the wheel, and at the end of it, a sudden dip of 
ti inches is made, and the tail-race should also be widened to guard 
against any liability to back-water on the wheel. Poncelet wheels 
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lt»Te been constructed from 10 to 20 feet in diameter, and with 32 
to 48 fioatB of sheet iron or of wood. Wooden floats are composed 
of staves, like a barrel, the outer edge being sharpened, or provided 
with a sheet iron edge piece. Sheet iron floats are, however, much 
more suitable, ae good conatmction is an essential feature in this 
wheel. The sluice is not drawn more than 1 foot in any case, and 
for falls of 5 to 6 feet, an aperture 6 inches high, or less, is ar- 
ranged for. 

§ 121. Theory of Poneela't Wheeh.—'^o obtain the maximum 
effect from these wheels, the water must go on to the buckets wttli- 
out impact. If Ae^ e (Fig. 
231) be the velocity of the Fig. 331. 

water going on to the wheel, 
and ^v ^ V, the velocity of the 

Criphery of the wheel, we thea 
ve in the side Jic^ — c, of the 
parallelogrsm Av e c^, the ve- 
locity of the water in reference 
to the wheel, both in magnitude 
and direction. If, therefore, 
we put the carved float AK 
tangential to Me^, the water will 
begin to sAcend along it without 
the least shock, with the velo- 
dt; Cy If we put the angle 

e AvDj which the direction of the water deviates from that of the 
drcumferenoe of the wheel, or the tangent Av >■ A, we have for the 
relative velocity of the water beginoing its aeoent on the floats 
— c. ^c* + w* — %ev cot. «, and for the angle v j1, >■ 1, by 
whioB it deviates from the circumference of the wheel, or from the 

tangent Av, we have nn. ■ _ """•'. 

The water ascends on the float vrith a retarded velocity,and partakes 
of the velocity of rotation t> of the wheel at the same time. Having 
ascended to a certain height, its relative velocity is lost, and it 
deecends with an accelerated velocity, so that at last it arrives at 
the ont«r eitremity A^ with the same velocity c, with which it com- 
menced its ascent. If we combine the relative velocity A, c, ■■ c, 
after the water leaving the wheel at A, with the velocity of the cir> 
eomferenee ^, v >■ v aa a parallelogram of the velocities, we have in 
the diagonal Aw^w the absolnte velocity of the water leaving 

the wheeL Thia velocity i s 

w " y/e* -I- ti* — 2c, t> cot. I, 
and, therefore, the mechanical eflect, retained by the water, and 
lost for vseftal effect, is 



•S«'-C 



V«,* + »* — 2e^veot. 



-)Qr 



If, now, we deduct this loss from the amount of efiect ;?- Q 7 

3? 
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rent in the water before its entranoe on the wheel, we hare the fot 
lowing expression for the theoretical effect of the wheel : 

^-(g-s)'^-(^)»- c'"''f~y'" -)''" 

or, as <r* ■■ (?j* + v* + 2<?j v cos. t, .'. L v — ^ ^ . Q/y or, 

ff 

(•j COB, t «• \/<?j* — c* sin. 6* H v^c* (•(>#. 5* + V* — 2 <? « <?o#, a ■■ <? eos. 
S — Vy and, if we pat this in the above expression, we have: 
r 2v{c COS. 6 — v) Qv 

We easily perceive that the effect is a maximnm when v ta | <• 
COS. a, and then L ■■ ^^ ' Qy. Also, the loss of mechanical 

effect is nuUj or the whole mechanical effect available, or L ^ — Qr 

is got from the water when cos. a » 1, or when a »■ 0. 

Although it is not possible to make the angle of entrance a ■■ 0, 
it follows from this that a should not be a large angle — ^not more 
than 80^, if a good effect is desired, and it is also manifest that 
the velocity of rotation of the wheel should be only a little less than 
half the velocity of the water going on to the wheel, that the effi- 
ciency may be the greatest. 

§ 122. The vertical height £0, to which the water ascends on 

c ' 
the floats, would be -^ if the wheel were at rest, but as it has a 

velocity of rotation v, a centrifugal force arises, acting nearly in 
the same direction as gravity, and giving rise to an acceleration 

Pf which may be represented by -i-, if a^ be the mean radius CM^ 

and v^ the mean velocity of the wheel's shrouding, or the velocity 
of the point M. We have then : 



a?+i')A.-f*.or(^ + ^)A,--|' 



and hence, the height of ascent in question h^ tm 



3 



c 



I 



In order that the water may not pass over the top at O, it is neces- 
sary that the shrouding should have a certain depth FO « <2, which 
is determined by the equation d v LO + FL » A^ + OF — CL 

c ^ 

H Aj + a — a COS. ACF mm ^ — j- + a (1 — cos. x), where x vi 

the -angle ACF by which the point of entrance of the water on 
the wheel deviates from the lowest point of the wheel F. The 
thickness of the stream of water d^ is to be added to this, because 
the particles in the upper stratum must rise so much higher than 
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those of tli« lower Btratnm on the usnisption of ■ mean velocity.' 
The depth of the shrouding ie, therefore, 

d — d, ^ Si _ + a (1 — CM. x). 

M^ + y 

The iridth of the vbeel is equal to the width of the stream of 

water; or, e — -^. If the capacity d ev,o{ the wheel be made 

1^ times that of the water laid on, then we hare the equation 
d v, « I di tf to 2 lij c, and hence the thicknees or depth of the 

stream iMd od ^ (2, — } _ — i to | — i . Another important circum- 
stance in reference to these wheels is the determination of the points 
of entrance and exit of the water, that is the water arc AA,, which 
it is best to set off in two equal portions on each side of the lowest 
point of the wheel F. The length of this are depends on the time 
necessary for the ascent and descent of the water on the floats. 
To find this, we must know the form and dimeDsioDB of the floats. 
if the time ^ t, then we may put AAi ~ 2 x a v v t, and hence 
the points on either side of J", at which the water enters and quite 

the wheel, are at a distance b x _ -—. 
2a 
1 12S. In order that the water, when it has reached the highest 
point K, Fig. 282, may not rnn over, but 
fall back along the float, the inner end of Fi«. 33i. 

the float if must not overhang the float 
vheo in the mean position FK; bat, on 
the other hand, that the float may not be 
too long, the end K of the float must not 
cot the inner circumference of the shroud- 
ing at too acute an angle. Hence, it is 
best to give the inner end of the float a 
vertioal position, when the float is in its 
mean posidon. Adopting a cylindrical 
form of float, we get the centre of the oir- 
enlar arc, its section, by drawing MF per- 
pendicular to Fc^, and OM horiiontal. From the depth of shroud* 
ug FO ■■ d, we have the radius : 

Far~KM~r^—, 

eoa. M 
1 being the angle MFO'm c, Fv. 

The time required for the ascent and descent of the water on the 
arc FK may be found in the same muiner as the time of oscillation 
of a pendidum, by substituting for the accelerating foree of gravity 

the snm ^ -|. !li- of this acceleration, and that of centrifugal force. 

This time may be found exactly by the method given Vol. I. S 246, 
19* 
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by patting here, as there, the instant of time required to move 
through a small space : _ 

/- h (1 + COS. f) \ \r t 

"""V^ + — rr — )^y2ii: 

In order to find the time for ascent and descent in the arc I'Kj 
we have to substitute for p the central angle MGLy which may 
be determined from the angle (t^jP^b jPA&» f, and the radius 
MF^ M8^ r, by the formula : 

NG MN—Ma rco9.M — \r 



COS. t »■ 



La Ma \r 



8 — (2 eo9. t — Vjy or 9%n. J t ™ \/co9. e. 
We have now the time f^ required for describing the whole arc FK^ 
by adding together all the values of the expression : 

..(i+^(i+»..,))jE.j^ 

when for eo%, t we substitute in succession : 



COS. -, C09. — , €0%. — . . . eo%* —1. But 
n n n n 

P 2t , 3t , , nt 2 2 
C09. - 4- eos. — + eo9. — i + . , + cos. — s 

n n n n p 



2n 

•*^, and hence t, - fl + A ft + ^ times the sum of all 
1 L.2 8r \2 2 91 



n 



If we also consider that the whole height of fall, or the diaaefeer 
MS => hj that 3£F » r, and that ^ 4. -L. is to be substituted for g 



«i 



the force of^avity, the whole time for the rise and ftdl of the water 
on the arc J^ is 



t»2 



«i-[t + |(t + «tn-t)]\ /— ^ 



and the length of the water arc AA^ (Fig. 281) , ig ; 




^ + 4- 



«1 



§ 122. We have now to derive rules for the arrangement and 
construction of Poncelet's wheels from these data. We can only 
assume the height of fall A, the quantity of water Q, and the num- 
ber of revolutions u of the wheel, as given, and from this we have to 
deduce the velocity of rotation v, the radius of the wheel a, the depth 
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of shrouding <2, the width of wheel e^ and the angles d, c, x, and the 
Telocitj e^ of the water at the beginning of its ascent. If we atten- 
tively consider the formulas above found, we perceive that thej do 
not admit of a direct solution of the problem, but that the method 
of gradual approximation must be adopted. 

u we lay on the water in a horizontal direction, the deviation a of 
the direction of the water-stream from the periphery of the wheel is 
equal to the distance % of the point of entrance from the foot of the 
wheel. In the first place, we may put, as an approximation, the 

velocity of the water entering the wheel : <?«bi ^ \/2^A, and from this 
again, the velocity of rotation of the wheel t^^ |- c, as also the initial 
velocity of the ascending water c^ » } (r, we have hence also an ap- 

proximate value of the radius a » , and the same for the depth 

of shrouding <2 « ^ « |^ . — , and, hence, also, we obtain an ap- 

proximate value for the length of the water arc, if we pnt in the last 
formula of the preceding paragraph : 

^ - ,r, ?L±i^- 0, and r - i, then: 

o 



2xa^ftv\ / — 1_^, and, therefore. 





With the assistance of this approximate value of x ■■ a, the cal- 
ealations must be repeated, using the more exact formulas, and 
taking for the depth of the water-stream d^ an appropriate value of 
from 8 to 12 inches, according to circumstances. The head or 
pressure is then only h — dj, and hence the velocity of the water 

entering the wheel is: 1. <? « /• ^%g (A — c2J, that of the wheel. 
2. v^\e cos, a. Again, the radius of the wheel 3. a a ; for 

HU 

the angle t made by the circumference of the wheel with the end 
of the float, 

4. eatg. « »■ ectg. d . — a ^ eotg, a, or tang, t »■ 2 tang, d; 

and the initial velocity of the water rising on the float. 

6. tfj 8x — T-^—tm ; and if, instead of -i-, we put — . the depth 

9m* t €08. 9 a^ a 

of shrouding, 

6. ds^ d^ + 1 — -— + a (1 — C08. %) : 
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and hence again we have the width of the wheel: 

7* ^ s -^, and the radius of the curvature of the floats: 

8. r g, 3 and the angle ^i 

€09. t 

9. 9in. 1 1 » \/ea€. tj and lastly the length of the w ater arc, 



10, 6 - 2 X 



♦ + «n. tv ^. / r 







and from this the accurate value of: 




Even after these values have been found, the calculations may be 
repeated on the more accurate foundations. 

Exan^h. It is required to aacertaia the general pioportiont of a Ponoelet UDdershoc 
wbeeL Owem, the height of iail 4,5 feet, the qnantity of water 40 cubic feet per second. 
If we make the radius a as 3A as 9 feet, and allow the thickness of the stream c^ «• | 

jk OB 0,75 feet, an d furt her, /m a 0,90, then the vekKity of discbarge c^Qifi s/2g (k — rf,) 

as 0,9 X 8,03 ^,75 as 7,218 X ^t^^ X ^^ foot; and, therefore, the velocit/ of the 
wheel, as also the initial Telocity of the Water, is approximately «BBC,aiieai7 feet. 
Hence the depth of shrouding is, nearly, 

diai.^4.(f.iai.3,04 + 0,75ial^] feet, and the arc ^ai»««!LLZ \.J^ — 

as 0,24, and the angle x^ corresponding ^ 14°, for which, however, we shall take 15°. 
If we now intioduoe this value of 3; we get, more accurately, vs^i c €0§. taml cm. 15° 

30 
la 6,762 feet, and hence, tlie number of rerolutions ti ss ok 7,17. It Ibllows, there- 

9 a 

lore, that tang. §tm2 tang. >h2 . 0,26795 sb 0,53590, .mm 28° 11}', and, therelbre, 

c. ma ^!^-^ — : OB 7,67 feet. Again, we have the depth of shrouding dsB0,75 + 9 

• a».28° llj' *^ -» I . T^ 

7 0* • 
(1— OS. 15°) J "Z H 1,845 feet: and the width of the wheel 

^ ' ^ 2 (32,2 4- i . 6,76") ' 

g ma -2 — H 3,80 feet. The radius of curvature of the floats r — * 



0,75 . 14 €0$. 28°, 1 1^ 

as 2,093 feet, and sw. i faiv^coi. 28°, 11}' .-. i f°ai69°, 51)^, and /. f^as 139°, 
43^, f » 2,4385, sm. f « 0,6466 ; and, lastly, 

X - (2Am+ M385 + 0, 6466X 6^ P^^2fi24 X 0.3697 l^^ 
V ^ 8 / ^ 18 V36,52 -J36,52 

w 0^2499, and x°sl4°, 19^, ibr which 14}° would be substituted In the actual oon- 
■mction of the wheel, so that the length of the water arc, or the length of the oonoen- 
trk> curb 6ai2 X aai 18 . 0,253 la 4^ feet, or 2} feet on each side of the k>west poinl 
of the wheeL 

§ 128. BxperimentB mth PonceUt^s WheeU.—fonee\ei himself 
instituted experiments on the useful effect of his vater wheels. 
These are minutely detailed, and their results ascertained in his 
work above cited. 

The first experiments were made with a model wheel of 20 inches 
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dianidter* It was of wood, had 20 floats, about j\f of an inch thick^ i 
2f inches deep, and 8 inches wide. The ereatest effects were pro- 
duced when the velocity of the wheel » 0,5 that of the water, as. 
indicated by theory, and then the efficiency was 0,42 to 0,56, the 
former when the water stream was kept thin, the latter when this 
was increased, or the cells of the wheel better filled. Reckoning: 
the efficiency by the height due to the velocity of the water, and not 
by the actual fall, the effect rises to 0,65 to 0,72. 

Poncelet afterwards experimented on a water wheel erected on his 
principle, measuring the effect by means of a friction brake, and the 
results are very much the same as those obtained from the model. 
The wheel was 11 feet in diameter, and had 80 pIate*iron floats of 
I inch thickness. The shroudings, arms, and axle of the wheel 
were of wood. The shrouding was 14 inches deep, and 8 inches 
thick, the distance between them, or width of the wheel, 28 inches. 
For a mean head of 4' — 4", and 8 inches depth of water stream, 
the ratio of the velocities being 0,52, the efficiency came to 0,52, 
which gives 0,60, when the height due to the velocity, instead of 
the total fall, is made the basis of calculation. Poncelet makes the 
following deductions from his series of experiments. 

The best velocity ratio - is 0,55 ;* but this may vary between 

e 

0,50 and 0,60 without material diminution of the useful effect. For 

falls of 6' — 6'' to V — 6", the efficiency 17 — 0,5, for falls of 5 feet 

to 6' — 6", the efficiency tj « 0,55, and for falls of less than 5 feet 

17 » 0,60. 

The useful effect may, therefore, be represented, in the first case, 
by: 

Pv -■ 0,96 (e — v)v Qft. lbs., in the second : 
Pv » 1,06 [e — v)v Q ft. lbs., and in the third : 
Pv — 1,16 {e — v)vQ ft. lbs. 

Poncelet gives the following general rules for the construction 
and arrangement of his wheels, deduced from his experiments. The 
distance between 2 floats, at their outer extremity, should not ex- 
ceed 8 to 10 inches, and the radius of the wheel should not be less 
than 8'— 4" (1 metre), nor more than 8' — 2" (2 J metres). The 
axis of the water stream should meet the periphery of the wheel at 
an angle of 24° to 80°, and be inclined about 9r to the horizon. 
The ofiset at the end of the curb should be sufficient to insure the 
water's free escape from the wheel, and the space left between the 
wheel and the curb would not exceed | inch. 

According to the experiments, the efficiency increases with the 
depth of the water stream laid on, and, therefore, cegteris paribu$j 
as the filling of the cells. Further experiments prove that the degree 
of filling of the cells is an important element in the question. 

§ 124. Beeent E^perimenU. — Morin has quite recently instituted 

* [Tins IB tha tune ratio as that foimd by the Coramittee or the Franklin Institute for 
the Teioeitj of an o^enhot wheel with elbow buckets. — ^Ax. Es] 
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experimenta with three wooden and one iron wheel, oonstmeted <hi 
Ponofilet'a principle, using the friction-brake. They were made with 
the special object of testing the advantages of a cnrrilinear conrae 
for laying on the water, proposed by M. Poncelet; as also for the 
purpose of getting more exact information as to the influence of the 
relative dimensionB of the wheels, for in several wheels that have 
been erected according to Poncelet's rule, it is found that, when the 
deviation from the mean velocity is coneiderable, the water overmiu 
the floats. (See Comptet Rendtu, 1846, t. zxii.) As to the curved 
water course, its object was to lay the whole of 
Fig. 333, the water on to the wheel withoot impact, and 

not the top or bottom stratum only. When 
the water stream is straight ABED, Fig. 233, 
the upper layer of water D£ meets the peri- 
phery of the wheel, as also the float, at a dif- 
ferent angle from that at which the lower 
stratum does ; so that If one enters without 
impact, the other cannot do so. If, however, 
we hollow out the bottom of the course as AOB, the water stream 
comes upon a smaller arc BK, and the difference in the direction 
of the periphery of the wheel and the layers of water is less, and, 
therefore, the impact is less than when the water stream embraces 
the arc BH. 

The three wooden wheels were respectively 5' — 8", 8' — 8", and 
IC — 8" in diameter. The diameter of the iron wheel was 9* — 8". 
The btickets were of sheet iron. The first three wheels were 16 
inches wide, and the other was 32 inches. The depth of shrouding 
was SO inches. It was found that wooden wheels, having very little 
inertia, moved unsteadily, and hence arose a loss of water. The 
smallest wheel revolved very unsteadily, and for a fall of 18 to 22 
inches, the cells being at least half filled, the efficiency was 0,485. 
Had the weight of the wheel been greater, its efficiency would pro- 
bably have Deen 0,55. The second wheel, having a &11 of 80 
inches, gave an efficiency « 0,60 to 0,62. The tmrd wheel was 
used to make experiments on different lengths of floats. It appeared 
that for a fall of 22 inches, a length of 17 inches, and for a fall of 
28 inches, a length of 24 inches, is too little. Poncelet's curved lead 
was adapted to this wheel, and it was found that the efficiency was 
increased, and also that the degree to which the oells are filled, might 
be made } withoot inconvenience. 

The experiments with the iron wheel were instituted with falls 
of 4 feet to 4^ feet, and of 3 feet, the wheel being free from back- 
water, and with a fall of 15 inches, the wheel being m back-water. 
For sluioe-openings of 6 inches, 8 inches, 10 inches, and 11 inches, 
the maximum efficiency was 0,52, 0,57, 0,60, and 0,62 respect- 
ively, and for variations in the number of revolutions between the 
limits of 12 to 21, 18 to 21, 11 to 20, and 12 to 19, the effioienoy 
did not differ more than ^, ^, ^, and j from the maximum values. 
From the results of these experiments, it follows that, for wheels 
with the hoUov water-lead, the effect is expressed by the formula: 
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i... 0,871(^)9,. 
Also, tbitt tlie best velocit; ratio - h 0,5 to 0,£5, That the Mme 

efect is prodnced, whether the water in the race be 5 inches below, 
or 8 to 10 inches above the bottom of the wheel — that the efficiency 
falls as low as 0,46, if the wheel be in back-water to the depth of 
half the depth of the shroading. The main advantage of the new 
form of lead is, that the wheel may vary its velocity of rotation 
within wider limits, without material diminution of the efficiency. 
Morin considers that, for falls of 3 feet to 4 feet, a breadth ef shroud* 
ing eqnsl to the half of the radius is a good proportion to adopt, 
and tnat the capacity of the wheel should be double that corre- 
sponding to the water to be laid on, i. e., the co-efficient of filling 

( H --^ should be made » }.* 
dev 



I 125. iSmdlt WheeU. — Some other vertical water wheels have 
been applied, besides the systemB we have now discuBsed. Very 
small wheels of 2 or S feet diameter, are moved by the pressure or 
impact of water. 

D'AubnisBon describes, in his "Hydraulique," smalt impact wheels 
ACS, Fig. 2^4, with falls of 6 to 7 
metres, often to be met with in the Fig. 234, 

Pyrenees. These wheels are from T 
to 10 feet in diameter, and have 24 
hollowed floats. Their eflect is about 
,78 of that of an overshot wheel of the 
same fall. The effect of such a wheel 
may be calculated by the theory of 
breast wheels above given, for these 
wheels are nothing more than breast 
wheels with a great impact fall and 
small height, during which the water 
can act by its weight. To prevent the 
spilling of the water, the wheels are hnng Fig. 235. 

in a curb with close-fitting sides. Such 
wheels may be very neatly made of iron, 
and are to be found in North Wales. 
This kind of wheel is very commonly em- 
ployed at the forges in the Alps. 

Fig. 285 represents a wBeel erected by 
Mr. Mary, and described in the "Tech- 

■ [Tbr CommiitM or ih« Fmnklin liuthme triad cnrvnl. oblique, hihI rtlnw iHicliri* 
■uooaninljoa iha mne wbed. Tba^ fimud tbe ntioof eflMi to power Ibr ihe curonl 
tuekcM nrarlj equal lo tb*t fbr elbow buokst*, whiie in reference w the veloraijr ofibi- 
wheel thef are miich inrerior. Elbow buckets 91TS 5.6, ourveil 4.3, ud oblique 3.7 
iret per aecond velocilj of wheel. — Am. Ed.] 
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nologiste, Sept., 1845." The iraier here works chiefly by presawe. 
Belanger experimented with the wheel, and reported an effieienej 
of 0,75 tp 0,85 for a Telocity of 4 feet per second. The wheel con* 
sists of a shrouding of plate iron, 18 inches wide and 5 inches deep, 
and T — 6'' in diameter, and having six elliptical floats strengthened 
by ribs. 

The curb is made to fit very accurately, and sheet iron fenders, 
fitting close to the wheel, preyent the water in the lead from escap- 
ing into the race. The power with which such a wheel revolves, is, 
of course, the product of the weight of water, measured by the dif- 
ference of level in the lead and in the race, by the area of the float. 

JMertUttn. The literatare treating of yertical water wheels is Tery extensive ; but there 
are few works upon the sobject worthy of much attention, as the most of them giipa 
very superficial and even erroneous views of the theory of these wheels. Eytelweio, 
in his ** Hydraulik," treats very generally of water wheels. Gerstner, in his ** Mechanik," 
treats very fully of undershot wheels. LangedorTs ** Hydraulik" contains little on this 
subject. D'Aubuisson, in his work ** Hydifuliqne i I'usage dee IngAnieors,** treats teiy 
fully of overshot wheels. Navier treats water wheels in detail in his ** Le9onS|** and ia 
his edition of ** Belidor^s Arohiteoture Hydrauliqne." In Ponoelet's <* Cours de M^canique 
appliqu^'* the theory of water wheels is briefly, but rerj clearly, set forth. In the 
** Treatise on the Mantifactnres and Machinery of Great Britain," P. Bailow has givsa 
details on the amiiruetitm of water wheels, but has not enteved into the theocy of their 
effects, &c. Very complete drawings and descriptions of good wheels are given [a 
Armengaud*s ** Traits pratique de Moteurs hydiauliques et i vapenr.*' NKholsoo'b 
** Practical Mechanic," contains some useful information on this subject The most ooni* 
plete work hitherto puMished on vertical water wheels is Redtenbacher^s ** Tbeorie tmd 
Bau der Wasserr&der, Manheim, 1846." Poncelet*s and Morin^s Memoirs have been 
already cited. 

[The experiments of the Franklin Institute are contained in the Journal of that insti- 
tution for 1831-2 (vols. 7, 8, & 9), and for 1841. In the last mentioned volume, the 
discussion of the results is commenced, but has not yet been completed. The com* 
mittee, as originally constituted, does not appear to have giveii its attention to the appli- 
cation of mathematical reasoning to the obeervations made and experiments performed. 
Subsequent European experiments have consequently, in this respect, occupied the atten- 
tion of physical inquirers to the exclusion of the American. — Ax. Ed.] 



CHAPTER V. 

OF HORIZONTAL WATBR WHBBLS. 

1 126. Ik horisontal irater wheels, the water prodaoes its effect 
either bv impaetj hj prenwre^ or by reaction^ but never directlj by 
its weignt. Hence, horizpntal water wheels are classified as impact 
wheels, hydraulic pressure wheels, and reaction wheels. These 
wheels are now very commonly designated by the generic term Uir- 
hineB (Ger. Krei»elrdder), 

The impact wheels hare plane or hollow, pallets, on which the 
water acts more or less perpendicvlarly. The pres9ure wheels hare 
curved buckets, along which the water flows^ and the reaeHon wheels 
have as their type a close pipe, from which the water dischargee 



IMPACT VBKELS. 229 

nwe or lesa tangentUlIy. Freuare wheels and reaction wheels 
■re ffeoerally rery similar to e&cli other in construction, the essen- 
tial difference between them being, that in the former the cells or 
OVBdnits between two adjacent bucKets are not filled up hj the water 
flowing through them, while in reaction wheels the section is quite 
fiUed. 

According to the different directions iu which the water mores in 
the conduits of pressure and reaction wheels, two systems arise. 
The relative motion of the water in the conduits is either horizontal, 
cr in a plane inclined to the horizon, and usually vertical. 

In the first system, there are to be distinguished those wheels in 
which the water flows from the interior to the exterior, and those in 
which the water takes the opposite course; and in the second system, 
there are the distinct cases of the water flowing from above down- 
wards, and that in which it flows from below upwards. 

Horisontal water wheels in which the water flows from above 
downwards, are often named DarMides. 

% 127. Impact WTieeli. — Impact turbinet, as shown in Fig. 236, 
are the simplest, hut also the least efficient form of impact wheels. 
They consist of 13 to 20 rectangular floats AB, A^B„ kc, so set 
upon the wheel as to incline 50° to 70° to the horizon. The water 
ia laid on to them by a pyramidal trough HF, inclined from 40° to 
20°, BO that the water impinges nearly at right angles to the floats. 
Such wheels are employed for falls of from 10 to 20 feet, when a 

Fig. 330. Fig. S37. 



great number of revolutions is desired, and when simplicity of con- 
struction is a greater desideratum than efficiency. Wheels of this 
fern are met with in all moontainous countries of Europe, and in 
(ha north of Afrioa, applied as mills for grinding com. They are 
made from 8 to 5 feet in diameter, the buckets being about 16 inches, 
deep, and 8 to 10 inches lone. 

The mechanical effect of these wheels is determined according to 
tl|& theory of the impact of water, as follows. The velocity Ac — e. 
Fig. 237, of the water impinging, and the velocity ^v — v of the 
bnekets may be each deoompose^f into two veloeities expressed by^ 
tlte iArmalas 
VOL. n.— 20 
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c, B c tin, a, e, H e eot. 0, v, ■■ e tin. a, and v, ■> v cm. a, 
a being the angle c AN", by which the direction Ae of the Btream 
of water deviates from the normal AN, and a the angle SAN at 
which the normal is inclined to the horizon, or by which the direc- 
tion of the wheel's motion deviates from the normal, or the plane 
of the bucket from the vertical. The component velocity c, — e 
tt'n. t, remains nnohanged, as its direction coincides with that of 
the plane of the bucket; the component c, •■ c eo». >, is, on the other 
hand, changed by impact into v, — « cm. o, as the bneket moves 
away in the direction of the perpendicotar with this velocity. The 
water, therefore, loses by impact a velodty 

c, — », — e eoi. B — » eo». «, 

and the corresponding loss of effect ■• ^ '- — ~ '-^ Q f. If, 

now, we deduct from the whole available mechanical effect ^—Qy, 

the above, and further, the effect, (g <"«•' — <"»«• »)* q^^ .1,4 

/ c*«m.8' + ^oM..* \Q^^ which the water flowing away with the 

velocity w — -^c^ «tn. a* + r* cot. a', retains, the mechanical effect 
communicated by the wheel is 

LwtPv — [c* — (c eot. a — V eot. «)• — (<!* «n. I* + \^ca9. a")] -^ 

(c eo». 6 — V cot. •) V eot. 0. ^ 

s 

To get the maximum effect, we must make cot. a — 1, or s — 0, 
or direct the stream at right angles to the bucket, and besides this, 
u in other similar cases already treated, we must make v eot. • 

s i c, or V K . The maximum effect correspondine, is 

Pv ^^—Qyam^hQy,OT the half of the entire mechanical effect 

available. 

§ 128. The effect of impact wheels is increased by surrounding 
the buckets with a projectmg border or 

'«• 338. frame, or by forming them Tike spoons, 

as shown in Fig. 288. Vol. I. § 886 
explains the caose of this increased 
effect, but we may here determine the 
amount of this increase. As the backet 
moves in the direction of the stream 
with the velocity v, « t> eot. a, the rela- 
tive velocity of the water in reference 
to the bneket may be p«t: 

C,«"fl — tij"«C — V eot. a, 

and if — the angle 0, e, by which 
=* the water is turned aside from its on- 
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ginal direction, the absolute velocity of the wKter flowing off: 
tc — y/e* + g,' + 2 0, V, cot, a 

= -yic V CO*, o)* + V* cot. *■ + 2 (c — ■ « cot. b) V cot. a. COt. ^, 

and hence, the corresponding Iobb of effect: 

— [e* — 2{c — veot. a) n cot. a (1 — eot. fi)]—-, 
and the effect of the wheel: 
J -j>»-^°'-'^^Ov-fl-,...a^ ('-'""■ ')"■"■• ■ 



■(^)«' 



When the buckets are plane, fi >* 90°, .*. cot. ^ « 0, and, there- 
fore 

£(# — V COS. a) V eot, a ^ 

9 
as we hare already found, though by an entirely different method 
of inquiry. In the case of hollow buckets, ^ is greater than 90*^, 
and, therefore, cot. (t is negative, and hence 1 — cot. ^ is greater 
than 1, consequently the efiect is greater than 
in plane buckets. ^*"»- 

To this class of wheels belong those termed 
in France rouett volants, upon the effect of 
which MM. Piobert and Tardy have recorded 
experiments in a work entitled " Experiences 
sor les Rones hydrauliqnes & axe vertical, &c., 
Paris, 1840." The following are results of ex- 

rriments on a small wheel of 5 feet diameter, 
inches high, having 20 curved buckets, Fig. 
289, with a fall of 14 feet (measuring from surface of water in lead 
to bottom of wheel), and with 10 cubic feet of water per second : 

For --0,72, 7-0,16; 

" 1 - 0,66, q - 0,81 ; 
e 

"^-0,66,, -0,40; 
e 

and hence, in cases in which the velocity ratio - does not much differ 

from 0,6 : Pv~ 0,75 (e — vcoi. «) t^Ll Q^. 
9 

ExtuKfU. What effect may be eipecled from wa impact turbiQS with bnllow bnekeu 
(Tig. S39), there being cubic feet or wsier, and a Aill of le feet at di^poulion ! If we 
m^latt tlM depth of the wheel itieir, the theoretical velodly of enttance of the water 
f ^ V^gA — 9 fa v^tO — 3S,0S feet, and if the inelinsiioD of the trough be anumed aa 
30°, the moat adTantuonu TriodtT for the wheel V ^ — i — ^. — '- ■■ IT feet 

■ 2 ox, » OM. ao" 

and beooe, from the above formula, the effect anainable ie 

f— ft._ms """«■■ — tf"".*' Q^«J.03l.(5ia,O9— 15,90^.8.02,5 — ,023 

e 

X SST.4 . 375 — 2330 Aet tta. 
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§ 129. Impact and Reaction Wheelt. — If w« give the buckets 
greater length, and form them to sach a hollow onrre, that the water 
learea the wheel in a nearly horizontal direction, the water then not 
only impinges on the bncket, but exerts a pressure on it, and, there- 
fore, the effect of the wheel 
Fit MO. is greater than in the im- 

pact wheel. The theory of 
Bnch wheels is merely an 
extensioD of that given in 
§ 127. If we conceive * 
normal erected at the point 
of entrance A, Fig. 240, 
and if we again put the 
angle e AN ^^ t, and the 
angle V AN^ a, vt have 
the lost velocity arising 
from impaot : 
'* — f t — « eo». I — V CM. a, and the loss of effect corresponding 
(ccpg. a — CM.g)' Q 

2g ^"^ 

The velocity with which the water begins to flow dovm the backets 
is c, + Cj = c sin. t + v tin. a, and if we put the height BH, thro«g;h 
which the water descends on the bucket ^ A,, we nave the relative 
velocity of the water at the bottom JS of the buck et : 

c ™ x/{c, + c^Y + 2ffk^ = s/(enn. S + v lin. a)* -|- 2gh,. 
Sat the vrater possesses the velocity v in common vrith the wheel, 
and, therefore, the absolute velocity of the water flowing from the 
wheel: w— >''*'' + '"' — 2 c.v cot. e, where © — the angle c^BO, at 
which the lowest element of the bucket is inclined to the horizon. 
The loss of effect corresponding to this is : 

If we dednct these two losses from the whole available effect, we get 
the useful effect communicated to the wheel : 

X — Pi'«»[c* — (c cot. « — »«».»)» — {e*^1^—^e^veot.f^)'\Sl, 

in which we have to substitute for c^ the value above given. 

If th e water impinges at right angles 6 ■■ 0, and 
"« " v'w* «n. »* + 2^Ai, and, therefore, 

X — [c* — (c — veot.a.)* — (e* ■\-r^ — 2 caveat. ©)]-^ 
B [2 tf eoi. > — (1 -f- «M. a*) ti* — »• sin. a* — 2g\ -|- 2 « ««. • . 
.v/w'stn.a' + ZyAJ^ 

^ [(c cot. o — v)v — g\ -1- V cot. » v^p" mn. a* + %A J -^ — 

'•9 
In order that the water may produce its maximum effect, it efaonid 
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ftkll dead from the irfaeel, or w sliould » 0. This requires tbst e « 0^ 

and e. — v, i. e., »»««..» + ^A, - e», .-. v »- ^^^. 

§ 180. Pre»»tirt WfueU. — If the water is to be laid oa vithont 
impact, then v eo», a must — e cos. Jt, and in order that the water 
nay qnit the wheel, deprived of its via viva, we must have : e » 0, 
nui e^ B V, i. e. (c tin. s + v tin. »)* + 2^A, =■ «", or c* «»n. a' + 
2c© rin. • ttn. 9 + 2^A, — ^ cot. a*K»^ eog. a*. If, agun, we Bab- 
tract from both sides : 2 c v eot. » cot. S •■ 2 c^ t^o*. a*, then : c* «m. a* 
~~2 c V (eot. B co«. 3 — etn. a «tn. a) + 2^A, ^ — ^ cos. 4*, or <?* + 
^A, — 2 t> AW. (b + a), and, therefore, 

^^ /+2gA. ^ g(A + a,) 

2 C <»X. (a + )) C cot. t ' 

in which h is the velocitj of tbe water at entrance, and, therefore, 
A + A, the whole fall, p is tbe angle oAv between the direction of 
the water and that of the wheel. Tbe theoretical effect is, in tbe 
latter case, — (A + A,) Qy, and tbe 
effideocy <7 » 1, because there is Fig. 24i. 

no loss from any cause. When, for 
such a wheel, the best velocity of 
rotation v has been found, we get 
tbe requisite position of tbe buckets 
by drawing through the point of 
entrance A, Fig. 241, a line paral- 
lel to t> e, completing the parallelo- 
pam AvcCj. The side A c^, thus 
given, gives the relative velocity o„ 

with which water begins to descend along the bucket, in magnitude 
and direction, and uso the direction of the upper element of the 
backet. 

That the water may flow unimpeded through the openings BB^, 
fce., tbe foot of the buckets must have a slight inclination to the 
horizon. If we put tbe mean radius of the wheel — a, and the mean 
length of the buckets, measured on tbe radius, — ^ we may pat tbe 
section of the orifice of discharge b Blf . I * BB, tin. e . I, and, 
therefore, the section of tbe united orifices of the wheel ^ 2 it a I 
tin. %. If, again, c, ^ tbe relative velocity with which the water 

arrives at the bottom o f the wheel, or, if 

e, " •v^c* + »* — 2 c J) cot. ♦ + 2gh„ 

we have 2 k a I tin. e h -^ and, tiiere&re, for tbe requisite angle 
c, 

<•».•_ _-— i . 

2 Hale, 
Itimark. Aoconling lo ihe iheorj of the impact of water, or of tydroitJu praam, ex- 
pounded in our flrit Tolume, it ii not necesaary thupcM.«^< am. >, or.wbich amounl* 
10 tbe (ame, ibat ifa« component Ci of the lelociif, ibonld foil in the dirMlioa of tbe 
budteL According to Vol. L § *3, Ihe relative velocity e, of Ihe vnutt in reference to 
Ibe bucket JB, Fig. 2t2, a Ihe diagODal <X the parBUelogrBm coaetnicted froin ibe atno- 
20* 
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Iota Teioatjr of the w*m c^ u^ the velodtj of the wbMl 9, t^ea in tbe (qipatiM diio*- 
lion; ifaerefore,', ^v^^-f"^ — ^" ""■ f- ICinow, the direction, bat not themsgniuiik, 
of this Telocity be cbanged by tbe ihock on the backet, we have the relative velocicy 

■t di>cli«rge, after deecent throog h tbe height 

£flBaA„r,B>^c,*-|-2g*, — ^c' + e* — ScrcDi. r+Sgih,: tudy, ih>t tlifl whole eflMl 
latj be akta up from the wsiet, we have ID make : 

i-. = o,or(*4-ti' — 2 cpeM.f + Sf;A,=i^, therefore, 
.„ <^+ag*' _ g(*+M 
2ca».f c«w.t 

§ 181. Borda"! Turbine. — ^The wheels discnseed in the last para- 
graph, are called Borda'a tnrhiiies, from their having been the sog- 
geetion of that diatinguighed oflScer and philosopher. Their oon- 

Fig. 243. Fig. 343. 



struction is bHowh hy Fig. 243, which ib a sketch of one driving S 
amalgamation barrels, at the silver mines of Hnelgoat in Brittanj. 
The curved buckets are composed of three beeoh boards pat care- 
fally together, and the inner and outer casings are composed of 
staves, the outer one being bound by two iron hoops. The diameter 
of the wheel is 5 feet. The buckets 14 indtes long or de^ and 
16^ inches wide. There are 20 of them. The fall was 16' — 8", 
and the wheel makes 40 revolutions per minute. 

There are no good experiments on the efficienoy of Borda'a tnr> 
bines. Sorda gives 0,75 of the theoretical effect aa the tueCnl 
effect, or Z — 0,75 . [A + A, — {eeot. i — v eo». af — tc*] Qy. 
Poncelet very justly remarks that it is advisable to nu^e the diame- 
ter and the height of the wheels as great as possible, so as to curtail 
the length of bucket, that is, bringing the outer and inner casings 
near to each other. By giving height to the wheel, the fall due ta 
the velocity is diminished, and, therefore, the velocity of the water 
and of the wheel is less. By keeping the diatmter great, the 
number of revolutions falls oat Ims, and as for a larger wheel, t^ 
capacity remaining the same, the width of the wheel may be lees, 
and then the difference of velocity of tbe particlee of water adjaoent 
to each other will be less. 

£ramplc. What qnantitj of water nitiit be Bupplied to a Borda'a nubiae, oonttnicttd 
ai ihown in Fig. 343, wbiA, with a fUl of 1 9 Tmi, i« to drive a pair of millooam le^ 
quiring S hor«e powsrl Suppoae tbe wheel to be 1 j foel higtt, tbeo the ttaeoietiatl 

velocity of entrance of the watar: ^ 

(_ 8,03 ^15 — 1,7S •■ B,09 ^13,35 — 3Q,ie feet. 
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If lb* wbMi be laid on at an ancle of 30° to tb« faoriam, dien the leeit Tdodij' of loia' 

■ioB ill •„ «*i+*L> __J?l!A.>* « ie,1. If the wswr Mterawithoat .bock, 
ccM« 29.19 XW-SO" ' 

ihe ve toeiiy wiih which it b eglng itt deaeent Klong th e hucket j> : 

r,«.v'''+'*— 3««o».f — v''' + '' — t" — ag*. — v^— %*.— IS^Sfeet. For ibo 
ugle ^ at which the upper elemsDi of the bocketi rnnai inotine to tbe horizon, we hBTo : 
?!^— L-.W11.J. — ?^ ria-W — 0,9189.-. +»66'',<e'. If we give the bottom of 

the bodiel an inclinatioii of SS° to the horizon, we get flir the abaolule Telodlr of the 
water flowing awa^ : 

ii>-=2iiiHi.|™3.i9,i»ii.iai'' — 8,aa, 

•ad, hence, the effect : 

i-i ().+ A._^) Qy^i (l5_|r) .62,8 Q-=aH Q. 

That we tnajrbave 2 boiM power, or 1100 feel potmdB per aeoond, wemnilhave 

^ 1,7 cnbic feet of water per Kcond. If the mean radim (meoButed to the centre of 
the backets) of the wheel be S feet, and if ibe water ipace be 6 jnchea wide, we get 
the united ereu of eection of the oriQces of discharge nt the boKom of the wheel 
^2 w a I im.9=sw .* . i tin. 25" ^ 2,65 square feet, which ia quite luffloient to paw 
1,7 cnbic feet of water per second, with a velocity of 10 feeL 

§ 182. RotteB en Ouves. — To this category of torbitiefl belong 
those horiEontal wheels enclosed in s pit or well, frequently met 
with in the sonth of France, and called roueg en cure* (Ger. Kufett' 
rOdery They we described by Belidor in the " Architecture Hy- 
draiiliqne," by D'Aubnisson in his " Hydraulique," and Fiobert and 
Tardy, in the work already cited, have given the resnlta of experi- 
nenta instituted on one of these wheels. These wheels are very 
Bimilar in form to those last described (Fig. 239), They are gene- 
rally 1 metre in diameter, and have 9 curved backets. They are 
made of only two pieces, and are bonnd together by iron hoops. 
The axis GI> (Fig. 244) stands on a pivot, 
the footstep of which is on a lever CO, by Fig, 244. 

which the wheel may be raised and lowered 
u the millstone may require. The wheel is 
near the bottom of a well, 2 metres deep, and 
1,02 metres in diameter. The water comes 
into the well by a lead laid tangentially to it, 
about 18 feet long, the breadth at the outer 
extremity being 2' — 6", and at the entrance 
to the well about 10 inches. The water flows 
in with a great velocity, acquires a rotary 
motion in the wheel chamber, and acts by 
inpact and pressure on the wheel buckets, 
flowing through it into the tul-race. Thero is evidently a great loss . 
of water in such wheels, and their efficiency is consequently small. 
Piobert and Tardy found an efficiency of 0,27 for a teell wheel at 
Tonloose, the &11 being 10 feet, with ISJ cubic feet of water per 
second, and the number of revolutious u « 100. For u ■■ 120, the 
efficiency ij was — 0,22, and for u » 138, n ■- 0,15. The wheels of 
the Basacle mill, at Toulouse, give an efficiency of 0,18. 
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D'AubnUsou mentionB that wheels of thia kind have been erected 
recentlj, the vheel being put immediately under the bottom, and 
made of somewhat greater diameter than the well. The pyramidal 
trough for laying on the water is much shortened, and by these 
means the efficiency has been raised to 0,25. These wheels are, 
therefore, at best, inferior to the impact wheels already treated of. 

§ 133. Surdin't Turbines. — M. Burdin, a French engineer of 
mines^ proposed what he terms a " turbine & Evacuation alternative." 
They are the best wheels of the category now under examination. 
They differ from Borda's wheels only in this essential, Damely, that 
the water enters them at various points simultaneously, and that the 
orifices of discharge are distributed over S concentric rings. This 
Utter arrangement ia adopted, that the water, disch&rg^ with a 
small absolute velocity, may not hinder the revolution of the wheel. 
The first wheel of this kind 
*"•«■ 2«5. ^u erected by Burdin for m 

mill at Pont-Gibaud, and is 
described in the "Annales des 
Mines, in. s^rie, t. in." Fig. 
,245 represents a plan of this 
wheel. ABO is the pen- 
trongh immediately above the 
wheel, having a series of ori- 
fices EFia the bottom, through 
which the water is laid on to 
the wheel with a slight incli- 
nation. The wheel revolving on the axis e consists of a series of 
conduits, the entrances to which make together the annular space 
QBE, which moves accurately under the arc EF /ormed by the 
trough>openings, so that the water passes unimpeded from the one 
into the other. The conduits (Fr. coAdoin) are vertical at the upper 
end, and nearly horizontal, and tangential at the bottom. The lower 
ends are brought into three distinct rings, so that the third of the 
number of entrances only discharge in the ring vertically under 
them ; one-third, as K, discharge within, the others, as X, discharge 
ouUide this ring. 

From the experiments made on the turbine erected at Pont-Gibaad 
by Burdin, it appears that for 3 cubic feet of water per second, and 
a fall of 10,35 feet, the efficiency was 0,67. The impact turbine 
formerly in the same position consumed 3 times this quantity of 
water to produce the same effect. The diameter of the wheel was 
4,6 feet, and the depth 15 inches. The number of buckets 36. 
■ § 134. affect of Centrifugal Force. — In the turbines hitherto under 
consideration, the water moves nearly, if not exactly, on a cylindri- 
cal surface, and, therefore, each element of water retains the same 
relative position to the axis, or at least does not vary it much. Bat 
we have now to consider wheels, in which the water, besides a ro- 
tary and vertical motion, possesses a motion inwards or outwards in 
reference to the axis, and more or less radial. The peculiarity of 
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such tturbines is, that their motion depends on the centrifugal force 
of the water, so that they might be termed centrifugal turbines. 
Before entering on a discussion of these wheels, it wSl be well to 
investigate the effect of the waterVcentrifdgal force, when its motion 
is in a spiral line round a centre, or when the motion is radial and 
rotary at the same time. The centrifugal force of a body of the 
weight (7, revolving at a distance y^ with an angular velocity », 

round a given point, is ^ * tL^ (Vol. I. § 231). If this weight 

moves also a small distance <r radially outwards, or inwards, then 
this force will have produced, or absorbed, an amount of mechanical 

effect represented by : JP « as *^ ^ . If, then, we assume that the 

motion commences in the centre of rotation, and continues radially 
outwards, so that ultimately the distance of the weight from the axis 
B r, we may ascertain the mechanical effect produced by the cen- 

trifngal force by substituting in the last formula ^ a - y , introducing 

n 

successively, however,-, — , — • • . — , and uniting the mechanical 

n n n u 

effects resulting by summation. Hence the mechanical effect in 

question is : 

J iJGr /r 2r , Sr , , nr\ 

ng \n fi n nl 

_!i^(l + 2 + 8+...+.).^.l(^) 
wg fir g z 

or, as we must assume n infinite: 



tt 



.9 



^r* n» «*r* ^ v* 



.a^^a, 



n^g 2 2g 2g 

when V is the velocity of rotation « r of the body at the extreme 
point of its motion. As this mechanical effect is produced by the 
centrifugal force when the motion is from within ontward%^ it must 
be consumed when the motion is from without inwards. If the 
body does not come to the centre at the end of its motion, but 
iremains at a distance r^ from it, then there remains an amount of 



t «. t 



effect *** ■ * G^ and the body consumes, therefore, only the effect 

2g 2g ^ ^ 2g \ 2g ) ' 

if Vj represent the velocity of rotation at the distance r, or end of 
the motion, as v represents it at the distance r or commencement of 
the motion* If the motion is from within outwards, then the effect 

(»A ■^— f) ^V 
— o — ~) ^* 

§ 185. Pon€elet*9 Turbine, — One of the most simple horizontal 
wheels, in which centrifugal force influences the working, is Ponce- 
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let's turbine, showa in Fig. 246, in plan. This turbine lias corred 

buckets between slirondings, and ia, 

*" '**■ in fact, one of Foucelet's undershot 

irheels, laid on its side. The water 

is laid on by a trough JiD nearly tan- 



fentially, and runs along the curved 
ucket to discharge itself ii 



discharge itself in the inte- 
rior. That the effect of the water on 
the wheel may be a maximum, it is 
necessary that the water should enter 
without shock and discharge into the 
interior deprived of its via viva. The 
direction of the end of the bucket A^ 
insuriDg no shock, is determined ex- 
actly 'as for Poncelet's underBhot wheel, 
by constructing a triangle with the velocity v of the wheel and that 
c of the water entering and drawing Ae^ parallel to the side vc. 
The rel ative velocity Ae, wi th which the water enters the wheel is: 
Ci =■ s/c* + t>* — 2cv eo». 8, « being the angle c ^ » by which the 
direction of the stream of water deviates from the tangent to 
the circumference of the wheel. This velocity is, however, dimi- 
nished by centrifugal force during the motion of the water on the 
bucket, and, therefore, the relative velocity Sc, * it, with which 
the water comes to the inside of the wheel, is less than the above 
velocity c^. According to the result of the investigation in the 
last paragraph, the water loses an amount of effect represented by 

( — 3 — i-\ Qy, or — ~ — I in pressure or velocity height, v being the 
velocity of rotation at the commencement, and v^ that at end of the 
motion. If, therefore, ^ he the height due to the velocity at the 

entrance A, and -^ that at the exit B, we have 

%-%-{^-%y *°''' "»"''°"'' «.•-«.■-«■+«■.■; «' " 

e* ■■ c * + «* — 2 e V eot. i, c,' » c* + «," — 2 e v cot. S, and 
Cf — i/<^ + v} — 2cv coa. S, it being constantly horne in mind that 
V is the velocity of rotation at the outer periphery, and v^ that at 
the inner. In order to rob the water of all it^ vi» viva, the end S 
of the bucket should be lud tangentially to the inner periphery of 
the wheel, and also c^ should be made 

« «„ or c* + 1»,* — 2cv coa. s ■• »,*, i. e., v eo». * — s* 

For the sake of an unimpeded discharge of the water to the inte- 
rior, the angle t, at which the inner end of the bucket cuts the wheel, 
must be made 15° to 30°, and, hence, the absolute Telocity of the 
water discharged w — v'c,' -1- v,' — 2 c, Wj cot. i„ or, if we i 



V eo$. t ^ -, or, v, B <;^ w B> 2 v, lin. -^ , and the loss of mechaoical 
effect corresponding is : 

lastly, the remaiiiiDg useful effect of the wheel : 

According to Poncelet, these wheels ehonld giTe an efficiency of 
0,65 to 0,75. 

§ 136. Danaldet. — We shall next treat of horisontal wheels which 
have more or less the form of an inverted cone, and which are 
termed in France roue9 d poires, or Danaidei. Belidor describes 
them in the "Architecture hydranliqae." 
Fig. 247 represents the general arrange- ^*- ^'^■ 

ment of these wheels. They consist easen- 
tiallj of a vertical axis, with a double conical 
casing attached. The space between the 
casing is intersected bj division plates, form- 
ing conduits running from top to bottom. 
The water is laid on bj a trough A at top, 
and flows off through the bottom of the cone 
at E, near to the axis, after having passed 
through the conduits above mentioned. la 
the simplest form of wheels, the division 
plates are plane surfaces, mnnine vertically ; 
m other cases they are spiral or acrew' 
farmed. Belidor describes the wheel without 
the outer casing, but the wheel is placed in 
a conical vessel fitting pretty closely to the blades, or division plates. 

In these wheels, zravitj and centrifugal force act simultaneously 
on the water. If the water enters the wheel with the relative velo- 
city e, above, at the point £, the velocity of rotation of which b v, 
and flows, in the wheel, through a height A„ the velocity at the 
bottom of the wheel near the axis will be c^ determined by the for- 
mula c^ B e' -t- 2ghj — «*. In order that this may be 0, we must 
have e* — Cj* -I- 2^A,. Further, that the water may enter the wheel 
without shock, the horizontal component of its velocity must equal 
the velocity of rotation, that is, c cot. S^v, t being the inclination 
of the stream of water to the horiion. 

The relative velocity of entrance is fj >b e ttn. t, and, therefore, 
the above equation of condition becomes, 

e* cot. «* » e* nn. i'+ 2^A„ i. e., <t* «m. 2 8 — 2$rA,. 

The fall necessary for the velocity is, therefore. A, ^ ,— b L — 

' "" ^ 25 CM. 2 a 

If, now, the whole fall h. + ^ « A, then the depth of the 

' ' ' ^ CM. 2 « ' ^ 
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wheeU, — ~, and the height due to the velocity: 

h ^ 

By thie arrangement there is no lose of mechanical effect, bnt as- 
the axis has a certain aectional area, and the water too requires « 
certain area of orifice for discharge, and thus the water can only he 
brought to within a certain distance of the axis, its vi» viva cannot 
be entirely taken np, so that the effideuey is not nearly 1,0. 

Smutrk Thswbee] just dcKTibed ii knownai Burdin'i Daiulde. The older DuiaTcla 
of Mutouii d'Ectot wtu diflereDily coDBtrucled, tliougfa *in prinoiple it wmi the nune. 
Thii wheel consigted of h sbeel iron cylinder, with an orifice in ibe bonom for the di*- 
obarge of ibe walec, and through which the axis passed. In thii hollow cylinder, thrre 
U placed a closed cylinder in suoli a poeitioii as to leave an annular space between 'a 
and that first mentioned, and also a ipaoe between Ibe bolloma of the two, lliis bMU* 
is divided by plates and buckets placed vertically and radially inlo a series of oonipait- 
mauls. The water is laid on tangmtially into Ibe space between the two cylinders, 
descends along the suHace ID the boMom, Indmiiig ■ roaij rooiion of the whole appa- 
ratus. In Ihis Dianoer il Bowed gradually to the botuun, and Horn ibeoce reached the 
orifice of discbarge. 8n " Diclkuinaire des Sciences mathdmatiquea par MontAnrier,. 
art. Danalde." 

Tbis Ibnn of Danalde bas been reoBDily perftcied bf Mr. Jamtsa Tbomaao, of Ola* 
gow, so that the efficiency of a model bas been proved to ba Ofi&. 

§ 137. Reaetion of Water. — ^Before proceeding with the descrip- 
tion and investigation of the theory of reaction teheelt, it is oecea- 
sary that we should illnatrate the nature of the reaction of water in 
its discharge firom vessels. As a solid body endowed with an aoee- 
lerated motion, it reacts in the opposite direction with a force eqaal 
to the moving force, so it is in the case of water when it issues from 
a vessel with an accelerated motion from the orifice. This aocelem-. 
tion always takes place when the area of the 
Fit s^B. orifice is less than the area of the vessel, or 

the velocity of discharge greater than the veto- 
city of the water through the vessel. On these 
grounds the vertical pressure of the water in 
the vessel ffRF, Fig. 248, from which the 
water fiows downwards at F, is less than the 
weight of the mass of water in the veseeK The 
decrease of this force, or the reaetion of the 
I water flowing away, may be determined as fbt- 
i' lows. If the boTisontal layer AB of the water 
flowing out, has a variable section G, a varia- 
ble thickness x, and a variable acceleration p, its weight ia 6-xy 

and its mass— — ^, and, therefore, its reaction £*— — ^ . p. If, 

3 9 

now, w represent the variable velocity of the layer of water, and • 
its increase in passing through the elementary distance x, we have 

(according to Vol. I. § 19) p x ^ lox, and, therefore, K h — - w *. 
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If f be the area of tlie orifice, and v tlie velocit j of disoliarge, then 

Gib ~ Fo, and, therefore, K^ — ^« n. To obtwa the reaction of 

9 
all the layers of T&ter, we mnet Babstitate in the last expression for 
X, the increments of velocity s„ »^ >„ . . . *„ of all the layers of 
water, and som the results. The reaction of the whole nuMS is thus 

P^ — ¥(", + »«,+ ... + »»). If c be the velocity of entrance 

9 
of the water, the sun of all the inarements of vdodty « v — c, 
aaif therefore, the reaction required: 

S 9 9 

Q being the quaotity discharged per second. If, however, the 
orifice F be very small compared with the surface SB, then c may 
be neglected, compared with v, and 

P=^ J-r- 2 " ^-^-2^. J-y. 
9_ 2y 

So that the reaction is as great as the vertical impact of the water 
ona plane surface (Yol. I. g 885), that is, equal to the weight of a 
column of water, the ba»i$ of which it the area F of the orifice, or 
of the ttream, and whote height ia double the height due to the velo- 
(2A) of the water ditcharged. 

r the water flow out by the> side of the vessel, as shown in Fig, 
, the direction of the reaction is then horiiontal, and the amount 



a be the co-efficient of contraction, then, instead of F, we must pat 

FoyOiP^ — .aFr. 
9 

BamarL Hr.PMnEwBit,of HuichMter.roKde Fig. 24B. 

expoimcats to ten thii remit, (" Memoln of the 
tfapeli w Mr PhiL Soo.," Vol. U.) The vessel 
BXF (Pig. 340) WM bung OD & bonramtal ui* 
C, moA Itie reactkni mcasnied by. a bent level 
baUnce JDR, upon whidi the veaeel acted by 
nraam ot a rod QA, beatiiig on the pant dinetly 
oppoiita to the orifice F. In the diKhaqa 
thixMsh att orifice in the lUn flaU, it wu fband 
that 

If w« nta the eecdoD of the •imni: f,K 
0,64 . P, and the eflectiTe velocity of dlKhaige 
p,3h0,960 (Vol. L$315), wehave,aoilotdiiig to 
the iheoretical fbnnula: 



DMrty the auDe u the esperimenia] leialL When the orifice v 
moolh-pieoe Ibrmed like Ibe vttia eaMrutta, it wa« bund that: 
VOL. n.— 21 
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P ^ 1,73 .^f Ktheco-efficient'of (Uacfaarge being 0,M. A«io thiicue F,^F,kai 
e, ^ 0,94 e, the tbeoralicnl reiall i* : 

P — S . OpM'-!^ J v« 1,77 . ^ F>^ 
or a Terj closs agTeemnit urith |fa« «xp«rittie&t>l i«ult, . . 

§ 188. £e<««u>n 1FAe«b.— If a vesselt as fiiJ*, Fi^. 250, be' 
placed on a wheeled carriage, (he reaction moves the carnage ia the 
opposite direction from that in which tbe discharge taktis place, and 
if a Teasel AS^ Fig. 251, be connected witb a vertical axis C, it will 



caase it to revolve in the direction opposite to that in which dis- 
charge takes place. If a constant supply of water be maintuned, 
a continnoos rotary motion results. This contrivance ia the reac- 
tion wheel (Fr. rout d reaction; Ger. Reaetiontrael), coninionly 
called Barker'i mill in Britain, and Segner'g water wheel in Ger- 
many. The simplest form of this wheel is shown in Fig. 252^ It 
coneista of a pipe BC, firmly connected wit^h a vertical axle AX, of 
two pipes CF and CG at right angles to the first, having orifices in 
the aides at F and Q-. The water discharged from these orifices ia 
continually supplied by a trough leading into the top of the upright 



pipe. In applying this arrangement, the upper millstone is gene- 
rally hung immediately on the axle AX; but for other applications , 
the motion might be transmitted by any suitable gear. 
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Fig. 254. 



' Reaction wheels are also made with more discharge pipes or con- 
duits than two, as shown in Fig. 253. The vessel MR is made 
either cylindrical or conical* In order to bring in the water at the 
top without shock, the great Euler adapted a cylindrical end to the 
pentrough, immediately above the. wheel, patting a series of inclined 

giide-bnckets into it, analogona to the arrangement introduced by 
urdin for his turbines (YoL IL § 133). 
. There is a simple reaction wheel erected by M. Althans, of Val- 
lender, in the neighborhood of Ehrenbreitstein, for driving two pair 
of grindstones, which we have seen and admired. The arran^- 
ment of this machine, is shown in the accompanying sketch, Fig. 
254, The water is laid 
on by a pipe B descend- 
ing beneath the wheel, 
and taming vertically 
tpwards. The upright 
axle AOj with its two 
arms OF and 00-y is 
hollow, and fits on to 
the end B of the sup- - 
ply pipe. There is a 
stuffing box at B allow- 
ing of the free rotary 
ridotion of the wheel, 
and at the same time 
preventing loss of water 
at the joint. The rec- 
tangular orifices F and 
Cf- are opened or shut 
by means of vanes or 
slide valves moved by 
rods attached to a collar 
£ on the axle, movable by means of the lever ff3L The water 
supplied by the 9 inch pipe B flows through the arms of the wheel, 
and through the apertures F and G. Tnis arrangement has the 
advantage of supporting the whole, or great part of the weieht of 
the machine upon the water, so that there is Uttle or no friction on 
the base. If Q- be the weight of the machine, h the head of water, 
2 r the diameter of the pipe at By then k r* A ^ ■■ 0-, and, therefore, 
in order to support the machine, the radius of the pipe should be 

The quantity of water expended by this machine is 







18 cubic feet per minute, the fall is 94 feet, and, therefore, the 
mechanical effect at disposition is 1755 feet lbs. per second. The 
length of the arms is 12^ feet, and the number of revolutions 30 per 
minute, or the velocity at the periphery 39,3 feet per second. 

Banark 1. The flrtt aoooant of a reaction wheel, as an invention of Barker, i« given 
in DeMgnlier's ** Course of Experimental Philosophy, vol. it London, 1745." Euler treats 
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in detsil of the theoiy and best ooiutmetion of tfaeie wheels in the ^'Memoin of the 
Berlin Academy, 1750—1754." 

JUmark 3. The efficiency of reaction wheels is reputed as extremely small^ Nord- 
wall makes it only half of that of an overshot wheel, and Schitko's experiments on such 
a wheel gave the efficiency only 0,15. 

§ 189. Theory of the Beaction Wheel — The effects of reaction 
wheels may be determined theoreticallj as follows. If A be the 
fall, or the depth of the centre of the orifices below the surface in 
the feed-pipeSy we have the height measuring the pressure of water 

on the orifices A. ■■ A -|- rr- , and, therefore, the theoretical velocity 

of discharge e^^ \/2gh + t^. This is not, however, the absolute 
velocity of the water at efflux from the wheel, for it partakes of the 
velocity of rotation v in common with the wheel, in the opposite 
direction. Hence the ab solute ve locity of the water leaving the 

wheel: w » c — v » t \/^h + t^ — v, and the loss of mechanical 
effect corresponding: ' 

The co-e fficient of velocity p being assume d » 1, the n 

and deducting this from the effect at disposition, the useful effect 
remaining is : 

This increases as t; increases, for if we put: 

s/v" + 2gh - V + ^ — ^^V + • • • we have: 

and for t; ■■ 00 , 1^ ■■ Q A 7, the whole eflt&ct available. 

This circumstance of the maximum effect depending on the wheels 
acquiring an infinite velocity, is very unfavorable ; because, as the 
velocity increases, the prejudicial resistances increase, and even 
when the wheel runs without any useful resistance, the velod^ it 
acquires is far from being infinite, proving the absorption of eroct 
at these great velocities. 

The question of course is, as to whether the effect for mean velo- 
cities of rotation be very much less than the maximum effect, or 
Q A 7. If we load the machine to such an extent that the heiji^t 
due to velocity, corresponding to the velocity of rotation, is equal 

to the faU, or — » A, or t' » \/2^A, then, according to the above 

2g 
formula: 

X»:^^(^'^-^^) gy.2(^/2-l)<?;^r^0,828 Qhr, 

9 
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^if^ — 2A,then: 



,899 Qhr. 



^ _ vya U6gh 'iffh) Q^ , ^ (^p-l) Qhy-0, 

and, luUj, if ^ . 4A, then: 
^ff 

It ^ns appears that, in the first case, we lose 17, in the second 10, 
and in the third only 6 per cent, of the available effect, and, there- 
fore, for moderate falls, and when a velocity of rotation exceeding 
the Telocity dne to the height of fall may be adopted, there is a 
great effect to be expected from these vheela. Considering the 
great simplicity of theee wheels, the balance must often be mnch in 
tkar favor when compared with other wheels. 

Bummk, Tbejbtxi of lontioD or of rHwtion ia : 

» 8 

«Ddfbr0_U,P«>^^Q}.i=-Q^ = S.^F>,uwe sbowed.Vol.n. « 148, >!■ 

g g Sg 

dtotigh by a diKsrent metbod. 

S 140. WTatelate't Turbine. — Within the last few years, the pipes 
or condnita of reaction wheels have been made curved, and such 
wheels are known as Whitelaw'i, or Scottigh turbines. Manouri 
d'Ectot eonstracted wheels on nearly the same plan as long ago as 
1813, {tee " Jonmal des Mines, t. xxxiii."} The Scottish tnrbines, 
constmcted by Messrs. Whitelaw and Stirrat, of Paisley, are de- 
scribed in the *' Description of Whitelaw and Stirrat'a Patent Water 
Mill, 2d edition, London and Birmingham, 1843." One pecnliarity 
of Whitelaw's wheel consists in the iu- 
trodaotion- i^ a mOTable piece at tiie . rig.3S9. 

outer orifice of the eondmts by which Us 
BBOtiAn is regulated. Fig. 255 is a hori- 
Hmtal seetion ^ one of Whitelaw's tnr- 
bioes. There are, iu this case, three 
anas. The water enters at £, and is 
fGseharged at A, OA is a valve mova- 
ble round 0, by which the orifice of dls- 
ohfti^e is regulated. The si^astment 
of these regulators has been made self- 
acting by a peculiar arrangement, bat 
is better regulated by the hand, by an 
apMratns analogous to that shown in Fig. 254. 

The general arrangement of Whitelaw 8 turbines is clearly shown 

^7 ^>S- ^^- -^ ^ '^° '^ ^°^ ^^^ water. B the sluice. C a 

reservoir immediately above the pressure pipe. J? is a valve for 

Hgulating the expenditure of water. At F the water enters the 

21* 



COUBE S BEACnOK WHEEL. 



cylinder (}, and goes from thence into the wheel iETiTpUoed abow 
it, and fixed on the vertical ksm LM. The reaction of the water 



streaming from the three orificee, driTce the wheel round in the 
opposite direction, and this motion is transmitted by the bevelled 
gear LN. The wheel, the axle, and the pressore pipe are of east 
iron. The footstep for the pivot at JtT is of brass. Oil is intro- 
dnced by a pipe from the wneel room. 

We shall hereafter reonr to the theory and geometrical conetrao- 
tion of this wheel. 

§141. Comhe' a Reaction Whedt. — As being analogoiu to White- 
law's, we may next consider Combe's reaction whe^. The water 
fiowB from below upwards into these wheels, and the wheel differs 
essenUally from Whitelaw's in having so great a number of conduits 
or orifices of discharge, that it may be said to discharge at every 
point of the circumference, as the plan of the wheel in Fig. 257 
shows. AA is a plate connected with the axis, and forming the 
upper shrouding or cover of the wheel. BB is the under shroudiog, 
ana upon It, between this and the upper plate, the buckets EE are 
fastened. DD is a cylinder surrounding the lower jiart of the axis, 
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throogh irliioh the water ia laid on to the wheel, entering the wheel 
bj all the apertures between the bnckets on the inside, and stream- 
ing throngh the conduits formed bj the bncketa to be discharaed 
at every point of the onter circumference. Another essential differ- 
ence between this and Whitelaw's wheel arises from the absence of 
the water-tight joint between the wheel 
B and the end of the pipe leading the ^«- ^57. 

water to the wheel, and which is quite 
necessary to Whitelaw's wheels. The 
reason of this difference is, that the 
pressure of water in a reservoir or 
vessel, from which the water is run- 
ning, is different at different points. 
The pressure is greatest where the 
water is nearljstill, and least where the 
velodty is greatest (Vol. I. §-807). 
The velocity of the wat6r depends, 
however, upon the section of the reser- 
voir or vessel, and is inversely propoT^ 
tional to the section, and thus, by 
varying the section, the preesore may 
be made to vary at will, or it may be 
made only equal to that of the atmo- 
sphere. If we bore a hole in the sid^ 

of a vessel at the point where the pressure of the water flowine past 
is only equal to the atmospheric pressure, there will be no discharge^ 
nor any indraft. Thus, that no 
water may escape, and no air be ^'ft- ^'*- 

drawn in through the space neces- 
sarily left between B and D, it is 
only necessary to give the section 
certain dimensions at the point of 
pMsage. 

Simark. Combe'i wheeli are nmBtunM pro- 
vidod widi guicMncketi Tor laying ihe water 
on to the Wheel in a definite ilirectkni. 

Redlenbacher fbrma ibe water-light joint be- 
tween the maia pipe JB and Ihe wheel DEF, 
t^ mean* of a monble bran ring CD, which 
ii [iresaed to tighlljr up Bpiingt Ibe lower ring- 
iiulace D of the wheel, that Ihe water does 
not e«ape. The ring CD miiat ilide in a well- 
oonMiaated, water-tight collar. 

§ 142, Cadiat'8 Turbine. — The next wheel we shall describe is 
Cadiat's turbine. These have no guide-curves, like Whitelaw's and 
Combe's, but as in Foumeyron'a turbine, the water is brought in 
from above. The peculiarity of this wheel ia the introduction of a 
cylindrical sluice, which shuts the wheel on the outside. Fig. 259 
is a vertical section of this wheel. AA is the wheel, BB heing « 
saucer-formed plate connecting the wheel "with the axle CD. The 
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pivot Q of this a^le resta in a footstep, -which we dull htreaflwT 
hare occulon to allude to more particularly. EE is the rffBerToic 
with circular Bection communicating with the lead TT, aad (XHuiag 



in immediate contact with the upper plate or ahrondlng of the wheel. 
That the water coming into the wheel may not be unneoesaarilT 
dbturbed or contracted the reservoir graduallj widens both upwsnu 
and downwards, as the figure shows. The discharge of the water is 
regulated by the cylindrical sluice TT on the outside. This sluice 
is raised or lowered by 8 or 4 rods, connected with mechanism for 
the purpose. That there may be no escape of water between tike 
sluice and the eide of the reservoir, the joint ft made with leather. 

The upright axle CD ie enclosed in a pipe MS, to the bottom of 
which is attached a plate KK, reaching to the inner circumference 
of the lower shtoucUng of the wheel, so that the water is shut off 
from the disc or plate BB of the wheel. This arrangement is adopted 
from that first introduced by Foumeyroa in his turbine. 

Sxmark. A oomplela anil accnmted«acriplkiD of ana of Cndist'i turbjnei, asoriKiDaUr 
ccnMracled, is giveD \rf ArroengBod, sen., in ib« MODod voluine of hu " Publkatioa In- 
doatrielle^" 

§ 143. Sovirneyrortt Tv/rbine. — Fonmeyron's turbines, as they 
have been recently made, may be considered as among the most 
perfect horizontal wheels. They work either in or out of back-water, 
are applicable to high and to low falls — are either high pressure and 
or low pressure turbines. In the low pressure turbine, the water 
flows into the reservoir, open above, as snown in Fig. 260. In high 

firesBure turbines, the reservoir is shut in at top, and the water is 
aid on by a pipe at one sid«, as represented m Fig. 261. The 
wheel consists essentially of two shrondings, between which are the 
backets of the connecting plate or arms, and the aprigbt azle, as m 
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Cadiat's tnrbine. The water from the lead IffiowB into the reser- 
voir EE. In order that the -water may not rest directly on the 
wheel disc BB, which would greatly increase the pivot friction, a 
pipe encloses the upright axle, to which there is attached a disc FF, 

Fig. aeo. 
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npon whicb the maes of water presses as it flows to the wheel. Od 
this disc the so-called guide-curves, ab, aj>^, kc. (Fig. 260 or 262), are 
fastened. These give the water a certain direction of motion on to 
the wheel, which surronnde them, and through it along the buckets, 
to be discharged at the outer circumference. The reaction is such 

. Fig. 361. 



that the wheel revolves in the opposite direction, the gnide-onrres 
and their support remaining at rest. To regulate the discharge of 
water, there is a cylindricu sluice KLLK, Fig. 262, in the inside, 
which is raised and depressed by three rods M, M , . . y connected 
with mechanism suited to the olyect. The sluice EL is a hollow 
cast iron cylinder, the outer surface of which nearly touches the 
inside of the upper shrouding of the wheel, and they must, there- 
fore, be both accurately turned. The sluice is made to slide water- 
tight in the reservoir by a leather or other fitting above LL. The 
sluice is generally lined with wood, rounded at top and bottom, so 
as to prevent contraction as much as pOBsible, that is, to prevent 
all losses of via viva. In high pressure turbines, the rods for work- 
ing the sluice pass through tite cover of the reservoir through stuff- 
ing boxes. Sometimes the regulation is effected by rai^ng or de- 
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preenng the bottom plate Fig. 268, For tliis pnrpoBe, the top of 
the pipe 0-S ia eorewed, and the femsle screw Jq ia attached to a. 
cosicu wheel, mored hj gear, as 0. The female screw is fixed bo 
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tliat it8 motion raises or lovers the pipe 0-H. There a also attached 
to QHt. plate or piston HL, having a irater-tight packing. 



§ 144. The Pivot and Foo^tep. — The pivot and footstep are very 
important part^ of die turbine. The weight of the turbine, often 
considerable, and the velocity of rotation, give rise to a n-eat moment 
of friction on the pivot, which would wear very rapidly,- unless it 
were well greased. It has been frequently observed that the pivot 
and brass of turbine axles wear much more rapidly than the pivots 
of other upright axles. This is attributable partly to the heating of 
the pivot from great velocity of rotation, but chiefly to the difficulty 
of lubricating the bearing-points which are under water. In order 
to meet this evil, turbine makers have endeavored to diminish the 
weight as much as possible, to increase the rubbing surface, to pre- 
vent the contact of the water with the nibbing sui^ces, and also, to 
keep up a continuous supply of olive oil or nut oil, between the snr- 
faces in contact. 

At the upper end of the axle, there must of coarse be a collar or 
other support, in which it can revolve. 

A very simple footst^, applicable chiefly when the weight is 
inconsiderable, is shown in Fig. 264. The pivot C rests in a hran 
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Df which is sapported on » block, movftblenp or down, as maT b« 
required, bj means of the folding key PS. The oil is supplied bj 



a pipe M passing by tiie ude of the key, and through the bottom of 
the block and brass. 

Fig. 265 is the arrangement of footstep adopted by Cadiat. A 
the foot of the upright snaft. B a hardened 
steel pivot attached to ^ by screw or weld- ^ ^o^- 

ing. (7 is a hardened steel itep for the pirot. 
DEED is a cast iron block or ease for the 
step. EE being a brass casing. JP' is a pipe 
takiu oil to the space between B and E. Q- 
is a uTer for raising or depressing the tur- 
bine. 

Fouraeyron has very much complicated the 
oonstmction of the pivot and fogtatep, to attain, 
.permanence. The general arrangement, is 
shown in Fig. 262, isd its details are shown 
in Fig. 266. Fig. 262 shows that the footstep Z is in a block which 
rests on a lever OR, turning round 0, when elevated or depressed 
by the rod BS. 17 is a pipe for bringing oil to the footstep, the 
h^ad of which should be as Iiigh as possible. That the circulation 
of the oil may he active, it should, at all events, be considerably 
above the sormoe ff the water in the lead in low pressure turbines, 
and there should be a means oS farcing in a supply for high pressure 
turbines. The parts A and B immediately in contact with each 
other are of hard fteel. The npper part A is fixed in the shaft O, 
and the lower part B fits into a hollow piece Dp, and is movable 
opwards and downwards, by a lever supporting . the whole, and 
passing throngh 6 {OB, Fig. 262). The surface of A is hollowed, 
VOL. n.— 22 
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Fig.aaB. ^^j j[jg jjg^j ^ J rounded, snd both are 

sarroonded by a collar EE, which keeps the 
oil between the tubbing surfaces. The oil, 
brought down in a pipe, enters at a into the 
hollow space h, and from thence, through c, 
passes into the space d. Out of this it flowa 
through three channels e/, on the j)eriphery 
of the steel bearing, rising perpendicularly 
from the bottom and running inclined to the 
top, where three radial furrows serve to dis- 
tribute it sufficiently. Lastly, there goes &om 
the centre of A, a hole gh into the axis, 
through which the oil escapes outwards, ao 
that a circulation is maintained. 

§ 145. Strength or Dimentiotu. — In de- 
signing a turbine for a certain fall of water, 
there is, besides the chief dimensions of the 
wheel itself, the strength of certain part^ to be 
calculated. The strength of pipes, &c., is to be calculated by the for- 
mulas given in Vol. I. § 283; and at Vol. II. § 84, we have treated 
of the dimensions necessary for shafts. If X be the useful effect 
of a tnrbine in horse's power, and u the number of revolutions 
per minute, we have for the requisite diameter of the apright shaft 



d~ MzM— 



inches. 



The strength of the bottom plate, kc, is easily determined by 
reference to the theory of the strength of materials; but the nature 
of the casting fixes the dimensions, so that there can very rarely 
occur any necessity for calculation. 

Rtmark 1. In the election of mrbioes, not ool; the weight of the parts of the machiiM, 
but th«wBterpTPMure,bas to be romiderai). The latter has eipeoiallr to be owiiderad 
in hi)|h pr«MuTe turbine*. Il muM not, ibc example, be lost sigbl of; that the water 
pteMes BgBJnsi the reservoir with a tbroe equal to the weight of a oolumn of wster 
having the Motion of the pressure pipes a« base, and (he hutdof toBlar aa beigbl; and 
that the knee piece on the pretture pipsa teD% to move with the seme fbtce, but in the 
opposite direetiOQ. 

Banark 2, For determining the diraeniifms of tlie pirot, the rule which limiti the 
pressure on every square inch of the brass to 1900 lbs.. Bud tbal for a steel pivot on a 
■lael bearing to 7000 Mm, might be used j but we know from what hubeen said abore 
in reference to the wear of these potnli, that it is preferable to mtUie tlie pi vol only veiy 
little less than Ibe diameter of the ibalX. The above numbers refer to shafts having a 
moderate velocity of rotation, and as the wear inoreasea as the weight, and as the velo- 
city of rotation besides, it is evident that turbines, revolving willi gnat speod, should 
bare proportionally large pivots and bearinti. 

§ 146. Theory of Reaction Turbinea. — For the investigation of 
the mechanical proportions and effects of Foomeyron's turbines, we 
shall use the following notation : 

r^ Tm CAj Fig. 26T, the radius of the inside of the wheel, or ap- 
proximately, that of the peripherv of the bottom plate. 

r — OB, the radius of the outside of the wheel. 

tf, ™ the Telocity of the interior periphery. 
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V ™ the velocity of the exterior Fig' 287. 

peripheiy. 

c mm the velocity with which the 
wftter Bows from the reserroir or 
guide-curves. 

c, H the velocity with whicU the 
water enters the wheel. 

e, « the velocity with which the 
water leaves the wheel. 

• — the angle cA T which the 
direction of the water leaving the 
reservoir makes with the inner cir- 
cninference of the wheel. 

9« the angle c.^T'made by the 
wat«r entering the wheel bnckets 
with the inner periphery of the 
wheel. 

e — the angle e^A T made hy the water stream leaving the wheel 
with the outer periphery. 

F^* the area of the orifices of discharge from the guide-curves. 

J", ™ the sum of the areas of the orifices by which the water enters 
the wheel. 

F, B the sum of the areas of the orifices at the outside of the 
bnckets. 

h H the entire fait of water. 

k^ — the height from surface of lead to ceutre of wheel, or cen- 
tre of orifice of discharge from reservoir. 

hf^ hi — h the depth of the entrance orifices to the wheel, below 
die orifices of discharge, or, if the wheel works under water, below 
the surface of the tail-race; and, lastly: 

X ^ the height, measuring the pressure o! the water at the point 
where it passes from the reservoir or guide-curves into the wheel. 

In the first place, for the velocnty c due to the difl^reuce of pres- 
sures A, — Xf we have ^ ^ A, — x, or, more accurately, if the water, 
in flowing &om the guide-carves, loses an amount of hydraulic pros- 



'-J1 



::£.), 



In order that the water m^ enter the wheel without shock, it is 
necessary that the velocity of discharge should resolve itself into 
two components, the one of which must coincide in tnacnitude and 
direction with the velocity of the inner circumference of the wheel, 
and the other must coincide in direction with the stream entering 
the wheel conduits or channels. This being taken for granted: if 
the velocity with which the water begins to flow through the chan- 
nels Ac, •■ c,, we have it from the formula: 

C,* — • C* -I- V,* 2 c Vj C08. a. 
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The velocity of discharge e^^ may be dedaced from the preasnre 
height X and A, at entrance and exit, from the height ^f- 9 being that 

corresponding to the velocity of entrance, and from the increase of 
pressure height corresponding to centrifugal force of the water in 

the wheel ^^^ (Vol. 11. § 148) : 
2^ 

^ ra X — K + -^ A s — - y o^j substituting the above values of 

2g 2g 2g 

X and Cj : 

or as Aj — A, » A, the whole fall: 

c* » 2gh + r* — 2c Vy^€09. « — f • e^ 
If we further assume that, by friction and curvilinear motion in 

the wheel channels, there is a loss of hydraulic head v -^^ then, 

more accurately : (1 + «) c^ « 2^A + r* — 2cv^ eon. • — t . A 
The quantity of water Q^ Fe^ F^e^ » JP^c, •*• c ^ 1^ , and 

mm 

Vj V -i 9, and, therefore, we have for the velocity of the water 
leaving the wheel: 

§ 147. Beit Velocity. — In order to get the maximum effect from 
the water, the absolute velocitv of the water leaving the wheel must 
be the least possible. But this velocity is the diagonal Bw of a 
parallelogram constructed from the velocity of discharge e^ and the 
velocity of rotation v: 

w^ \/<?2* + ^ — 2c^veo9.h V |(<?, — vf + 4t e^v (rin. ^ ; 

and 3 is to be made as small as possible, and e^ v v. But in order 
that there may be free passage ror the necessary quantity of water, 
it is not possible to make 3 « 0, but this has to be made 10^ to 20^ ; 
whenever, therefore, w^ make c^ v v, there remains the absolute 
velocity: 

and the loss of effect correspondmg is: 

(2 V 9in. --I 

We now perceive that the maximum effect is not got when v^e^ 
but when v is something less than c^; but it is also manifest that 
for vtea e^ and for a small value of 3, the deficiency below the 
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msximum effect can only be very small. As, besides, in assuming 
9 8BS c, we get very simple relations, we shall do so in the sequel, 
and introduce this into the last equation of the preceding paragraph. 
We then have: 

fl + f (^y + «"|^ + 2^ .^v'co%. a — v*- 2i^A, or, 

2 -=^ . -i eo%. a + fi_i +s I t;*B. 2gh\ and, therefore, the velo- 
city of the wheel corresponding to the maximum effect required, is : 



V 




2gh 



2:5.!j.c(?«.a + f(:^y + » 



F r 

F 

Instead of the section ratio -^, we may introduce the angle /3. 

Ji 

The unimpeded entrance of the water into the wheel requires that 
c should not be altered in entering into it, or that the radial cam- 
panent of Cy JlN^ c sin. a, should be equal to the radial component 
of e^j i. e. Cj sin. /3, and also to the tangential component c cos. a of 
c the tangential velocity AT^ c^ cos. ^ + t^^ of the water already 
within the wheel. According to this : 
c. sin. a ^ A c sin. j3 

~ wm -; , C COS. a C. COS. fi =■ V.j and — sa -; -— 1- — -• 

c stn.fi v^ stn.{fi — o) 

Besides this, as Fc » F^c^ «« Fjo a — F^v^ ; we have 

-F, y, e r, sin. /5 

F r v^ r stn. (/3 — o) 
and the velocity of the outer periphery of the wheel : 



v^ 




2gh 



\r/ tin. {(I — «) \r«tn. (0 — o)/ 
and hence the velocity of the inner periphery : 



V, cs -i v 



»•..._ 5^* 




"i 



Stn. (jS — o) \r stn. (/3 — o)/ \r^ / 

Neg lecting the prej udicial resistances, we should have : 
= b^ tin. (/? — ») ^ ^^^ (1 _ ^^ ^ ^^^^^ ^x 

^ m'n. /3 COS. a 

§ 148. Pressure of the Water. — ^With the aid of this formula for 
t;, we can determine the pressure exerted on that part of the reservoir 
where the water passes from it on to the wheel ; we have : 

22* 
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(1 + f) hiin. fi* 



A._ 



2 nn. fi eo9. « nn. (j8 — •) + ? sm. fi^+» (— j [wn. (p — •)]* 



K- ^' + ^^* 



1 + COS. 2a — eotg. ^ wn. 2 a + f + , /^\ V?*Li?IZ!^\* 

\rj/ \ «n. /I / 



Neglecting prejudicial resistances, we have : 
a: » Aj — 



1 + C09. 2 a — eotg. fi nn. 2 a 
If the turbine work free of back water, we hayCi in the case of 
the tur)>ine8 of Foumeyron, Cadiat, and Whitelaw, h^ » A, and, 
therefore, 

eo9. 2 tt — eotg. fi nn. 2 a , . 

1 + €08. 2 a — cotg. jS sin. 2a* 
if, however, the turbine works in back water, then A^ a A + h^<, and, 
therefore, 

€09. 2 o — eotg. P sin. 2 a i 4. x 

" 1 + COS. 2 a + (?0<^. /3 «tn. 2 a * 

If, in the first case, the pressure is to be v 0, i. «., equal to the 
atmospheric pressure, then rr v ; but if in the second case, it 
must be equal to the pressure of the back water against the orifices 
of the wheel, then x ^ h^ but in both cases we should have : 
COS. 2 a — eotg. fi sin. 2 a a 0, i. e., tang. jS « tang. 2 a, or ^ « 2 o. 

J^, therefore, the angle of the water's entrance^ be twieet he angle 
of exit a, the pressure at the point where the water passes from the 
reservoir to the wheel, is equal to the external pressure of the atmo- 
sphere, or of the biek water. 

On the other hand, it is easy to perceive that this internal pres- 
sure is ^eater than the external pressure, if /I > 2 o, and it is less 
than this when ? < 2 a. These relations are somewhat different 
when the prejudicial resistances are taken into account, as it is very 
proper to do. The equation between the external and internal pres- 
sure then stands thus: 

1 + tfot, 2 a — ^oty. ^ m. 2a + f + « /^y/*^>P — «Y^i + f, 

\r^/ \ sin.fi / 

or cotg. p sin. 2 a » cos. 2 a -{- s /— j {cos. • — cotg. fi sin. •)*. 

If, in the last member, we introduce: 

cotg.p^cotg.2a^^!±^, 

nn. 2 a 

that is : 

cotg.fisin. 2*-. cos.2a + M (L\* ( f*^;* V 

\r,/ \nn.2a/ 

^cos.2^+n(L)\ 1 

\r, / 4 (cos. a)» 

it follows that: 



tang.fi 
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nn, 2o 



C0%. 2 a + s 



Ct)' 



4 {eoB. •)* 
consequently, jS is somewhat smaller than 2 «. 
If we neglect again JT and s, we have, by introducing the value 

a 2 a. 

and c V ^2gh. If the internal pressure be greater than the ex- 
ternal, then V. > ^^-M., and e < ^/2ghy and if it be less than this, 

€08. ft 

then V. <r y^, andc ^ ^2^ 

COS. a 

§ 149. The discussion as to pressures in the last paragraph is 
of great importance in the question of the construction of turbines; 
for the point of transit from the reservoir to the wheel cannot be 
made water-tight, and, therefore, water may escape, or water and 
air get in, by the annular aperture. That neither of these circum- 
stances may occur, turbines must be so constructed, that the inter- 
nal pressure of the water passing the slit may equal the external 
pressure of the atmosphere, or of the back water, if the wheel be 
submerged; we must, m short, have /s a 2a, or, better stiU, satisfy 
the equation: 

. ^ iin. 2 a 

tang. ^ » 



ea$. 2 » 4- s 



(0 



(2 COS. •)* 
Turbines are constructed so that, in the normal state of the sluice 
being fully opened, the above equation is satisfied, or, so that a 
slight excess of pressure z exists, at the risk of losing some water 
throuffh the space left between the bottom plate and the wheel, thus 
providing for variations of velocity of discharge, from variations in 
the area of the section F of the orifices by the different positions of 
the turbine-sluice, regulating the quantity discharged. 

§ 150. Cfhaiee of the Angles a and j3. — If we do not take the in- 
ternal pressure into consideration, the angles a and /s may have very 
arbitrary values. The formula 

gives an impossible value for t;„ when ^' * > 1, that is, when 

tang. /3 

a ^ 90°, and 3 < a, or when « > 90°, and /i ;> ». These values of 

a and fi are, therefore, not to be admitted. If « ■■ ^, then v^ a 0, 

and hence we see that the best velocity of rotation becomes so much 

the less, the nearer the angles a and ^ approach equality. The 

formuUw e . .^' f^'^ . and^, » ^ . -J^l—F, given negative 

stn. (j3 — •) T sin. /3 -— a) 
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values, involyinff impossible conditions, when p >- a* It is, there- 
fore, necessary, m the construction of turbines, that /3 > a, and that 
a < 90°. 

Between these limits, we may choose various values for a and ^, 
although they do not all lead to an equally convenient or advan- 
tageous construction. Foumeyron makes p = 90°, and a « 30° to 
33°, some constructors make ^ less, and others greater than 90°. 
When /} is made 90°, or less, the curvature of the buckets is greater 
than when /3 is made more obtuse. Great curvature involves greater 
resistance in the efflux, and hence it is advisable to make /s rather 
obtuse than acute, that is, to make s 100° to 110°. The ande 
a must then be 50° to 55°, if the internal pressure is to balance uie 
external. In order, however, that the channels formed by the 
guide-curves may not diverge too much, and that the equilibrium of 
pressure may not be disturbed by depressions of the sluice, this 
angle is made from 30° to 40°, and if the turbine revolves free of 
back water, then a should not be more than 25° to 80° ; a is, how- 
ever, never made very acute, because with the angle a, the area of 
the orifices of discharge varies, and, therefore, the quantity of water 
discharged would diminish, or the diameter of the wheel must be 
greater for a given quantity of water expended. On the other hand, 
we have to bear in mind, that the losses of effect increase as v^, and 
that, therefore, casteris paribuB^ a turbine will yield a greater effect 
— will be more efficient — when revolving slowly, than when it has 
a great velocity of rotation. According to this, the construction 
should be so arranged that a and ^ do not differ widely from one 
another, from which would follow an internal pressure less than the 
external. If a be the height of a column of water balancing the 
atmospheric pressure, the absolute pressure of the water as it passes 
over the space between the wheel and bottom plate v& a + x, and if 
this pressure » 0, then the water flows with a maximum velocity 

c B» ^2g (Aj — x) sa y/2g (A, -|- a) from the reservoir. If a 4- a: 
were negative, or a; < — a, there would arise a vacuum at the point 
of passage of the water into the wheel, for the water would flow even 
faster through the wheel than it flowed on to it from the reservoir, 
and so air would rush in from the exterior, greatly disturbing the 
flow of the water. If, therefore, we introduce into the formula, 
instead of 

1 -|- COB. 2a — cotg. jS wn. 2 o* 
z = — a, we then have: 

1 + COS. 2 » — cotg. P sin, 2 « s , hence: 

n + a 

tang.fi ^ «m. 2* _ (A + a)«m. 2 a 



1 + cos.2a ^ (*+ ^) ^^«- 2- + a 

and, therefore, the corresponding best velocity of rotation: 



TURBINES WITHOUT OUIDB-CURVB8. 261 



r,- U (l- tang. . . ^\t ""^ T^ o"^ ^U ^ Lj ,■ 
S \ (A + a)«n.2» / <?o#. a>/2(A + a) 

S 151. 2\ir5txe« tpithout Chiide-Ourves. — For turbines without 

Side-curves we may make « » 90^, because the water flows by the 
ortest way, or radially, out of the reservoir. In this light we 
have to consider the turbines of Combe, Gadiat, and Whitelaw. If 
we introduce into the formula for the best velocity a a 90^, we get: 

r,-V / ^* ■ ~ 

* \ / 2 «n, fi con. 90^ ^ /itn. ^y ^ /_r \« 

3 ; neglecting prejudicial resistances, 




f {tang, fif + » 



(y 



however, v, v \cr ** ^ * ^^^' ^^' ^^^ reasons, the wheel can- 
not acauire an infinite velocity. There is a limit, in the first place, 
when die mechanical effect at disposition is absorbed in overcoming 
prejudicial resistances, that is, when 

A - [(2«n. jy + f (^-^tang.pj + . ]^ or, 

(2 •»». i-V + f (^ tang. fi\* + . 

and in the second pisee when 

a5» — 0,1. e. A — ^-a>— a, or-— a*a + A, or, 

Sy Syr 

1-1 , ' , I at a 4> A. that is. when 

— tfo^. P y/2g (a + A), because then the full discharge by full 




^i 



flaw ceases, and the circumstances are quite changed, seeing that 
the water cannot fiow from the reservoir in quantities sufficient to 
supply the discharge of the wheel channels, when their section is 
filled. 
If we introduce into the above formula: 

2ffA 
f(eatv. ?)« + .(£)*' 

the experimental co-efficients Z and », it is still far from giving us 
9 "■ 00. Now for the most accitfate construction of the guide- 
curve apparatus, the co-efficient of velocity t is not greater than 
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0,98, and, therefore, the co-efEicient of resistance C corresponding 

as 1 SB not less than yr-7TK-. — 1 *■ 0,16, or about 16 per cent. 

t* 0,93* ' ' *^ 

In the case of turbines without this apparatus, this resistance does 
not exist ; but still there remains always a certain loss for the en- 
trance into the wheel channels, which, in Combe's and Cadiat's 
wheel, does not probably exceed 5 per cent, though in Whitelaw's it 
may be taken as 10 per cent, at least, for the channels are too wide 
to admit of the supposition that the whole stream of water has the 
definite direction (jS). The co-efficient » corresponding to the re- 
sistance from the curvature and friction in the cnannels may be set 
at from 0,5 to 0,15, as we shall see in the sequel, and hence, for 
turbines without guide-curves, we have, putting » v 0,1, the best 
velocity 

2gh ^ 

0,06 {tang, fif + 0,1 (I.)* 

and for Whitelaw's reaction wheel : 

«.-. / ^^ ~ 

y 0,1 {tang. P)» + 0,1 (I-) 
If, again, weput /5 « 60°, and-- » |, we have, in the first case: 




•■-J o.i48yo.m -'''°-^^*' 



and in the second case : 



^^'Jo^ 



2gh 



» 1,45 s^2gh. 



,296 + 0,178 

For other reasons, we shall hereafter learn that the most advan- 
tageous velocity of rotation is not even equal to the velocity due to 
the height h. 

In order that the water may enter the wheel with the least shock 

possible, in the case of wheels without guide-curves, the equation 

JF r 

-^ w—^ tang, fi must be satisfied. But as ^, is determined by the 

relative position of the sluice, it follows that the maximum effect is 
got for a certain position of the sluice. 

§ 152. Influence of the Position of the Sluice. — In one point of 
view, turbines are inferior to overshot and breast wheels. When in 
these wheels there is only a small quantity of water available, or it 
is only required to produce a portion of the power of the faU, and 
for this purpose we partially close the sluice, we kno^ that the 
efficiency of such wheels is rather increased than diminished from 
the cells being proportionally less filled. In the turbine the con- 
trary is the case, for as the sluice is lowered, the water enters the 
wheel under circumstances involving greater loss of effect. This is 
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a circumstance so much the more unfavorable, inasmuch as it is 
generally requisite to economize power the more, as the water supply 
&ils. The loss, however, by lowering the sluice, is never very great, 
as the following investigation proves. 

If we decompose the velocities c and c^ into their radial and tan- 
gential components c «m; a, c eo$, a, c^ sin. /3 and c^ cos. /3, and sub- 
tract the two from each other, there remain the relative velocities : 

e sin. a — c^ sin. /3, and e cos. a — c^ cos. /3 ; 
as, however, the water has the velocity v^ in common with the wheel, 
the latter relative velocity is in fact » c cos. a — c, cos. fi — Vy Ac- 
cording to a known law, the loss of pressure height corresponding to 

a sudden cessation of tlus velocity is : 
1 
y ^ —^[(^c sin. a — Cj sin. 3)' + (c cos. « — c^ cos. p — vj*], 
2g 

or, in mechanical effect : 

Fay Qy» [{csin.a — c^sin.fiy + {ccos.^ — c^cos.fi — rj*] ^. 

If we introduce into this formula r. » v and v. n -1 v, further 

r 

c a. ~Ji V and c.mm-^Vj we have, as the loss of mechanical effect : 

F«. rZ -^a 9in. g F^ sin. j3 \*^ / F^ cos, a F^ cos. P r^ \ *T v^ ^ 
\j^ F F./\F F^ r/j2g 

From this we may judge as to the loss of effect in turbines that 
do not fulfil the conditions expressed in the equation : , 

FF r 

F, sin. a ^ F sin. fi s.nAF.cos.a^mFcos.fi+^J^. il. 

-P, r 

However, even if these conditions be fulfilled in the normal state of 

the turbines' working, i. e.y when the sluice it folly drawn, they 

cannot be so when the sluice is depressed, and F beeoues Fx . The 

loss of mechanical effect then, even when the effect is a maximum, 

viz. : c, s t;, is : 

jr_r/ Fg^Vi.» JF,nn.ja \» / F, cos, a F^ <w. • !j.\*"|^ q 

LV Fx F^ / \ Fi F, T / J 2g 

FF T 
or substituting Fsin. fi^F^ sin. a and Feos. fi + — i • -la. F^ cos. o, 

\F, f) 2g^^' 
If, as an example, we put ^ «■ } i, which is aUowable in Four- 

neyron's turbines, we have : 



''-i-¥)'-0-»«»" 
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or, for the sluice half opon, in which case : 

We see from this, that this lou may be diminiBbed by makiDg the 

raUos -^ and — small, that is to say, bj making the orifice of dis- 
charge of the wheel and the external radios small, but keeping the 
orifices and radius of the reservoir large. As : 

F^ Ti tin, g 

F r tin. (p — «)' 
ire have in the last case : 



'\tin.(fi — mf * " 



and, therefore, for p — 90°, and . — 40°, Y» 0,57 <? A y, or thwa 
is in this case a loss of 57 per cent, of the efiect. 

Generally, when the sluice is mnch depressed, when F, "^ ^ F, 
the fuil ditcharge ceases, that is, the water no longer fills np the 
wheel channels, the wheel becomes a pressure turbine only. 

§ 158. Sluice Atifiuttnent. — To avoid, or at least to diminish the 
loss of mechanical sBect which results from lowering the sluice, and 
in order to retun the fuU fiow of water through the wheel, many 
devices have been recently introduced by Fonmeyron and others. 
Foumeyron dirides the wnole depth of the wheel into stages, by 
intnxtncing horisontal annular division plates, dividing the total 
depth into two or three separat« spaces, so that, when the sluice is 
lowered, one or two of the spaces are completely shut o^ and the 
water flows' through the other subdivision. This arrangement does 
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fiot entirely fulfil its object ; bat tbe apparatus sbown in Fig. 268, 
inVeDted'by Combes, does. Tbis contrivance coneists in a plate or 
disc DD, between the two shroudings of the wheel, which, by means 
of rods EE, can be raised or depressed by means of a simple me- 
ehaniem, so that the water flowing through the wheel always fills np 
the channels open to it. This apparatus fulfils the required condi- 
tions, but it is difficult, and very costly in construction. 

The turbines of Gallon, and also those of Gentilhomme, are like- 
wiw constmcted so that tbe water may fill up the channels, how 
small Boerer the quantity supplied. 

Fig. 269 represents a part of Gallon's wheel in elevation and 
section. Tbis shows that the guide-curves 
are covered in on top, and in the inside by Tif. 9A9. 

sluices S, E . . . , each of which closes two 
apertures. To regulate the discharge of 
Water by this arrangement, it is only neoes- 
sary to keep a certain number of apertures 
closed. Although this arrangement cer- 
tainly provides against impact oil the wheel, 
yet it IB imperfect. Inasmuch as the water 
can work little, if at all, by reaction, as it 
does not run throogh the wheel Qhannels in 
an unbroken stream. In this alternate fill- 
ing and emptying of the wheel-channels, 
the velocities c, c^ and r, undergo continual 
variations unless z ■■ 0, that is ? ^ 2 •. 
If, for example, t he wh eel- channels not 
being filled, c » ^^2gh^, we should have 
e^'-^^{h — x), when tbe water stream 
filled ap the obannels. Thus for each fill- 
ing and emptying, or while the wheel passes 
from one open aperture to another, the velo- 
city ccontinually oscillates between the limits 
«/^A, and -/'Ig (A — x). As the maximam effect can only be ob- 
tdned tor determiiiate values of v and c, _ — , it is quite evident 

that, as e, varies, we fail in this. 

For Gentilhomme'a turbine, the same object is atuined by circu- 
Jar sectors, which ar« so placed by means of mechanism, that they 
close a part of the guide-curve apparatus; an arrangement evidently 
even more imperfect than Gallon's. Haael, a German engineer, 
describes an arrangement of altuce for effecting the objects now in 
question, very similar to that of Combe's, {See " Deutsche Oewerb- 



«itune, 1846.) 



, , Preuure Tmrhmet. — This is the place to compare tbe 

reaction turbines hitherto under discussion with tbe impaet and preir 
sure turbine*, into which they alirays beoome converted, when the 
sluice 0, Fig. 270, closes the greater part of tbe d^lh of tbe wheel 
TOL. n. — 23 
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AB. Aa the vater Woalj psrtnllj fills the section of the wheel 
channelB, the remunder is filled with air, 
F» sia unleea the vheel works free of back water, 
and, therefore, the preesarfl on the ontude ftf 
the wheel is t hat o f the atmosphere; the Telo- 
city ia c M v^%A, and is independent of the 
motion of the wheel. Bnt for the velocity of 
discharge we have c* mm 2gh + v* — 2 cv, co$. a, 
and for the maximum effect c, » v, and then 
for these wheels, the expression 

icv.coi.a^Ugfi, or snbstitating c— ^/2ghfV.^ s " ■.obtains. 

2 cos, a 
In the case of reaction wheels, we fonnd; 

», — s/gh (1 —tang. • cotg. ft); 
and henee we peroeive that the oonditioDB of mazimnm efiitot a» 

identical in both cases, if = ■■ 1 — tang. » cotg. ft, or if tmg. 

2cat.a* o J o 

i ■■ tmig. 2 A, that is 9 B 2 b; which result we hare already ascer- 
tained in the form of the condition that x v 0. There is, therefore, aa 
essential difi'erence in the tnrhines of the two classes, in as far as 
the velocity for the njaximnm of eiffeot does not in the one depend 
upon 0, whilst it does in the other; and it is only when ^ ^ 2 u that 
this velocity is the same for both. While, therefore, for reaction 
wheels the velocity v, may be made to vary within wide limits by 
selection of the angle ?, we have no Bnch joice in the case of impact 
turbines. 

In reference to the effeet of both wheels, we adduce the followiu 
facts. When, in a reaction wheel, the sluice is eradnaUy lewerefi^ 
the efficiency dimiDishes, and when it is so far lowered that the 
water does not fill up the wheel channels, the turbine then passing 
into a pressure-turbine, the efficiency suddenly rises, becaose the 
loss of mechanical efiiect by the sudden change of velocity ceasea. 
By lowering the sluice still further, the further loss of effect is in- 
considerable. According to this, the pressure turbine seems to be 
a better wheel than the reaction turbine; hut from other circum- 
stances the advantages do not preponderate, and can only be ac- 
corded when the supply of water is liable to much fluctuation. 

As the water entering the wheel finds a much greater sectieoal 
area than at its velocitv it can fill, it gets into an irregular oscilla- 
tory motion, and not only does not discharge with the velocity c, above 
calculated, but also loses a part of its fw viva absorbed in creating the 
eddying irregular motion alluded to (and which no doubt iacoTUumedin 
raiting the temptrature of the water, Tr.). Kumerous experiments 
have proved this, and these may be repeated with any tarbine, if it 
be made to revolve with the best velocity, first as a reaction wheel, 
and th«i as a pressnre wheel. Turbines always give a greater 
effect for an open slnioe and hS discharge than when the sToice is 
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lowered and the water does not fill the flection of the wheers 
ofaannela. 

When tnrhines work under water, the flow is always fuU through 
them, and these wheels are, therefore, always TMoaUon wheels. A 

£ eater efficiency is natarally to be expected from these when the 
lice is fully opened, than from the turoines revolyins free of back 
water; on the other hand, we may safely assume that, when the sluice 
is lowered so that only } or less of the depth of wheel is open, the 
efficiency of the reaction wheel will be less than that of the pressure 
turbine. From this we can easily understand the great advantage 
of introducing the horizontal diyidmg plates. 

Rmmk. AU the older turbioM of Fouroejnon wero prewnie turUuM ; Imt, m expeiienoe 
pointed out the greater efBdeocy of the reaction turbines, almost all turbines are now 
ledooed to this principle. 

1 155. Mechanical Effect of Turh%ne%. — ^We can tiow calculate 
the mechanical effect of turbines. The effect, which is not taken 
from the water if it flow from the wheel with an absolute velocity : 

to ■« •c,* + r* — 2 c,ty (?M. a, or if c, » V, tr » 2 V Mn. L, 

The effiect which the vater loses in the goide-cnrTe i^parata% or in 
getting into the wheel, is : 

m which ( » 0,10 to 0,20, according as the wheel is provided with 
• goid^^urves or not. 

The third loss of effect is ■■ » • ^A. Qy, and consists of the friction 

and curve resistance. The resistance in passing round the curve 
may be found by the rules in Vol. L § 884. The corresponding 

loss of head » C, 1 . — . / ^\ in which f is a oo^lEcient dependent 

on the ratio -; — of the half of the mean width of the channel to the 

2a 

tteaa radius, t the central angle, F the sum of the mean section of 

the channels. If n he the number of channels or of buckets, and if 

e be the mean height of a channel, then Fm^nde^ and, therefore, 

the height of head lost by the resistance in the curves: 

;, w 0,124 J^ 8,104 (£.\^ (m in YoL I. § 884), then : 



,.[,.!« + MM (^)J).t. 4 (^)'. 
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«nd the low 6f mechanical Effect correq[K>iiding, ia t ' ' 

or putting C* — ( J^» »)*, 

x.-[o.i« + a.m(f,)']t.(^.)'.i.«,. 

The wheel buckets consist usually of two parts of different curva- 
tures, and, hence, X, would be maae up of two items. It is evident 
from the above, that this source of resistance increases the wider 
the channels are, and the less the radius of curvature a. Henoe it 
is advisable to make ^ obtuse^ so as to diminish the curvature of the 
buckets, which is also advisable in respect of a full flow through 
them. 

The resistance from friction is to be calculated according to Vol. 
L § 830. If JTa be the co-efficient of friction, |^ the mean periphery, 
and I the length of the wheel channel, the height due to the resist- 
ance from friction : 

and the loss of effect corresponding : 

^ at \nde/ 2g 

'or, i{p « 2 (d + €), and f, » 0,0144 + 0,0169 J^^ he intro- 
duced : 

i,-(0,0144 + 0,0169 f^\ . l^+fli . /iV .^Qr. 

If, lastly, G be the weight of the turbine in revolution, and r, 
.the radius of the pivot, the loss of effect by the friction, then, is: 

L,^if&. tiv(Vo\. L S 171)- 

r 

^ If, now, we deduct these five losses of effect from the power at 

diqiosition, there remains of useful effect: . 

^.(*-[(.*.|)'..(5)-.+,.i(^)' 

In order to have this mechanical effect great, it is neeeesary to 
make the velocity of rotation 9, the area of the orifice F„ the onfice 
angle a small. In how far this is possible we have above ahoyn. 

It is only in the case of turbines working under water that the 
height A is to be measured from water surface to water surface. 
for turbinea working in air,. A is .to be measured from the upper 
anrface to the centre of the wheel. In the latter case, the fire«ing 
the wheel of back water involves a loss of head, measured by the 
distance from the cdntre of the wheel to the surface of the race. 
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whilst for wheels working under water there iis a loss from the reiut- 
anee of the medium. 

Rtmark, For high praaaore tnrbiiies there ii an additional soorce of kws io the reeist- 
anoe of the flow of water through the pressure pipe. 

§ 156. CcMitructum of Ghiide-Curve Turbmee. — ^Let us now en- 
deavor to deduce the rulee necessary for planning a wheel consist- 
ently with the ahove principles. We may of course assume the 
quantity of water discharged Q, and the fall A to he given ; and if, 
instead of Q, the useful effect L were given, we might then at least 
derive Q from Lj and the efficiency fj (about 0,75) oy the formula: 

Q mm .__• The remaining quantities r, r^ «, fij S, v^ n, e, &;c«, are 

determined, partly by discretion, partly by experience, and partly 
by theory. 

The angle « is generally assumed. For wheels without guide- 
curves 'it is taken as 90^, but for wheels with guide-curves it must 
be made from 25^ to 40^; the former for high falls, the latter for 
small falls, in order thai, in the former case, the orifices may not 
be too large, and in the latter not too small, or, in order that, in the 
former case, the wheels may not be too small in diameter, and in the 
latter not too great. The angle /i is, in a certain degree, fixed by 
the value of o. That the water may enter Ae wheel without pres* 
sure on the free space, we must have ^ « 2 a ; but as this pressure 
diminishes as the sluice is depressed, in order to prevent negative 
pressure, p is made greater than 2 «, and probably ^ v 2 o + 30^ 
to 2 o -h 50^ are good limits; the former in high falls, the latter in 
low falls. 

The ratio 9 «■ ^ of the internal and external radii of the wheel 

falk within the limits of 1,25 and 1,5. For reasons easily under- 
stood, the smaller ratio is to be chosen for large values of jD, and for 
wheels of considerable diameter, and vice vered. 

in order further to determine the radius of the wheel, and of the 
reservoir, we shall, as is the case in the best turbines hitherto made, 
require fulfillment of the condition that the velocity of the water 
in tike reservoir shall not exceed 8 feet per second. If we adopt 
this velocity as ground work of our calculation, and leave out of the 
question the section of the upright pipe encasing the axle, and that 
of the sluice, then Q v 8 « r^\ and, therefore, inversely, the radius 
c{ the reservoir, or the internal radius of the wheel : 



r^mm [^ » 0,826 s/Qj when r^ is in feet, and Q in cubic feet. 

\ 8ic 
From this radius we get the external radius r » r r^. The velocity 
at the inner periphery of the wheel is determined by th e formula : 

* \ / 2«M«.tfco».> y / tm.fi \* ^ /r_\ 

V «ii.O~.) ■*■ W. {ft — .)/ "^ V,/ 

2S* 



c» 
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into irhich «e mast, in the first place, intrbdooe an approxinmte 
valne of s. From this, however, we get the veloeitj of discharge: 

, _ .Il^jJ., „d the i»ction F _ « _ 2iM»_-r?) ; fartier, 
nn.(^ — •) c v^n».ff 

the Telocity of entrance e, _ 5 f*"" . . *'> **"- ? ■-, and the seo- 
nn, ft Jtn. (fl — ■) 

lion i\ » ^ . Q«n.(g — «) ^ Lasdy, the velocity of the external 
c, t>,nn.a 

periphery of the wheel, and of the exit from it: r — e, ^ — e„ and 

the contents of the nnitedorifices of discharge from the. wheel: ,i 

~i ^ -I . —wt -^ . — . Besides this, we ascertain the number 
-■ - - r r, 

of revolutions of the wheel per 

mm. to be: u b b »,oo — 

itr r 

In order to find the height 
of the wheel, or of the orifice «, 
we pursue the following method. 
If n, he the number of guide- 
curves, and (i, the least distance 
AN" (Tig. 271), between any 
two of the guide^mrves at the 
entrance on to the wheel, then 
n, d.e^ F. If, further, d^ and 
e he in a determinate proportion 
to each odier : 4, _ ^ thai 

n, 4'. d^* V -F; and if » be the 
thickness of one of tbe goide- 
cnrves, we may put with tolera- 
ble accuracy : 



d^ B AAf tin. « v - 
and, hence, 



«.*/' 



/ 2Hr,»m.» \'_ j,^ 



30 that, by inversion, the nomber of buckets reqdred : 

I— —y- : '. 

or, approximately: ■■ *i^'^ "I'V'^-tL , for which a whole number 
would be taken. If n, be once fixed, then : 



d,. 



and the height of wheel : e — — ^ ; 
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i 157. We have still to deduce roleB by which to calculate iha 
number of wheel*backet6, and the dimensions of the orifices of the 
wheel. The orifices of discharge, the united area of which is 

J*, V 3^9 is not the outer periphery of the wheel, but the section 

j^2>, jB^j;, kcj through the outer end of the buckets B^^ B^ &;c. 
(Iig. 271). Again, for r in the above formulas we are not to under- 
stand the radius of the outer periphery, but the distance OMoi the 
centre of the orifice BJ) from the axis of rotation, and, in like 
manner, v is not the velocity of rotation ii J3, but of M. If, now, 
^ be the angle SMT, which the axis of the stream flowing through 
BB makes with the tangent MT, or the normal to the radius 
QM^ r ; and, further, if n be the number of wheel-buckets, s their 
thickness, d the width BJ) of the orifices of discharge, and 4 the 

ratio -, we may put i nde^n^JP ^ n F„ therefore, inversely, 

the number of wheel-buckets n » ^!^. Again, as 

Hr9in*6 — n$^nd^ — « -^, 

we have for the angle of discharge sm. h «> * v "^ ^^' . 

2nre* 

This angle a should not in any case be more than 20^, and, there- 
fore, if it comes out more than this, by the latter formula, some one 
or more of the elements composing it must be changed. Thus, for 

example, for this purpose J", » JL . ^ may be made less, »• «., v^y or 

which amounts to the same, the diflPer^ice between o and fi may be 
made greater. Some engineers have endeavored to keep 9 small, 
by making the wheel deeper at the outside than in the inside, givii^ 
two values to e (Fig. 269). This, however, has the disadvantage, 
that full discharge is thereby interfered with — at least in wheels 
revolving free of back water, and that the water follows the wheel 
shroudings when these diverge from each other to any considerable 

extent; As to the ratio 4 » 4i ^^ influence on e and a is but trifling. 

It is within the limits 2 and 5 in wheels giving good results. The 
small value refers to small wheels, and viceversd; for, otherwise, the 
channels fall out too wide, and the fuU flaw is liable to be lost. 

§ 158. Construction of the Bucket. — The buckets are generally 
circular arcs. For the guide-curves one arc is sufficient; but for 
the wheel-curves, or buckets, two arcs, tangential to each other, are 
usually required. How to fix the radius of these arcs, and how to 
combine them, may be explained as follows: With CM » r, Fig. 272, 
describe a circle, draw the tangent JUT*, and upon it set off the angle 
of discharge SMTm^ i, as determined above. Draw JifO at right 
angles to MSy and set off on each side of M^ MD « MB^ ^\ d. 
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If ow dr»ir tbe ndins CB„ and from C lay off tlie ancle B^CB ■■ f*, 
as determined by the fomraia 

'*"=• ,.^ f_.AJ»,6« 

n r nn. t 
C, as centre, draw drcles 
throogh B, and D. The firat 
of these circles gives the «t«r- 
nal peripheiy of the wheel, and 
the pdnts B, B^, bo., are tlie 
onter ends of the buckets. If 
we draw BO, so that BOD^ 
BCB, » t, we have in the 
centre, and in BO ■■ DO, the 
radius of the arc DB forming 
the onter portion of the bucket. 
If we make A,0, <» DO, we 
have the centre O, of the onter 
piece ADj of the next follow- 
ing backet, kt. kc. The radius 
0£ — Oi> — o of the arc BD 
may be also determined by solution of the triangle MOM^. We 
have : ^ . »»»■ MM^O ^^^ ^^^ ^^^ -^^ - 2 r rin. !» 
JMf, tin. MOM^' ' 2' 

JtfOJIf, - t, wid MM^O - 90 + « — |-, therefwe, 

2 rm. I «..(*-!) r«„.(a-|) 



lin. t 


-i 


and the radius a required 




r eot. (^ - 


-^) .. 


" 


— ^-lA 



By this method of conBtmetion, the end £, of the baeket is qnite 
parallel to the. element D oppoute, and, therefore, ^e stream flows 
out without contraction. If this parallelism be not effected, it is 
always disadTaDtageons; if the tangents to B and D diverge out- 
ward, there is danger of losing the^J^^^ow, and if they converge, 
there arises a partial contraction, and the stream then strikes upon 
the outer surface of BD (Vol. I. § 819). 

The inner piece DA of a wheel-bucket may generally be formed 
of one arc of a circle. The radius KD ■■ kA — a, of this drcle is 
found as follows : In the triuigle 

CMK, Gflf- r, ^JC- a, + i, and i CMK^ SMT~ t. 
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/.CP - i» + («,+ ^y_2r(«, + ^) CO,. ». 

la tlie triangle C^K^ on the other hand, Cj7 » r^, ^K » a^, and 

C^K mm 180® — /I, therefore, CJ? — r,« + a,* + 2 r^ a^ cos. fi. By 
equating the two expftessionSy we have: - 

d* ■ 
f*+ a^d + -J- — 2raj cos. a — r d cos. a » r,* + 2 r a co*. p, 

and hence the radios required: 

• • • iP 

r" — r * — rdcos. a + -- 

a. 



* 2 (r cos. a + r J co«. p) — d 

As to the arc to be adopted as the cnrratare of the guide-corves, 
ire get its radius and centre by drawing ^L at the known ande 
• to the tangent AH of the inner circomference of the wheel. Raise 
a perpendicolar .46 to it, and cot this in G by another normal, 
raised from the middle point E of the radios C/f. This point G 
is the centre of the goide-corve .^F, which may be drawn either 
Cjuite op to the case pipe of the axle, or to within any convenient 
oistanoe of it. The radios GJl » GC » a, of this bocket is: 



n 



^ 2 COS. a 

The centres of the arcs forming the ooter arcs are in circles de- 
scribed with the radii (70, CKj and C&. 

Jmmiii. It if reqairad to detc^rmina all tbe proponiona and lines of ooDstnietion of a 
Fonmeyroa^a turbiDa lor a fall of 5 ftet, with 30 oubio feat of water per aecond. We 

ibaU take AOB 30®, wadfimm 110®, and adopt the ratio I »» « 1,35. This being as- 



r« 



nmed, we have, from the rules above given, the internal radius r. a 0,326 y/Q as 1,785 
feet, Ibr which we take 1,8 feet Hence r. a CM (Fig. 272), the external radius 
wm 1,8 X 1*35 SB 2,43 feet, Ibr which we shall put 2,45. The width of the shronding, 
therelbie, measured to tbe centra of the orifice of discharge, a 2,4 5— 1,8 as 0,65 feet. 
Negle6tiiig prej udicial resistance, th e bast vekxaty of the wheel is : 

v,^^gk{i^UMg, meotff.0)^^b.S \,26{i+tamg,dO9€Oig.lO^ 

aBy^l56,25 . 1,21014 ■■ 13,75 feet, 
but, taking these r esistanoes into account, if ^ «■ 0^1 8 and a bm 0,06 : 



-4 

4. 



L!2JL*!!L:f + o,i8 ( '^^ Y+ o,06 (L)* 

" 2.31,25.5 

, sip. 80® ^ \ JWi. 80® / ^ * 



- / ^^^'^ , - /IM, 12,71 feet, 

Wl,6537 4- 0,1630 + 0,1176 Vlf0342 

and then vavi^aBy v.oB 1,35 . 12,71 es 17,15 feet. The Telocity of discharge 



v,^0 _. 12,71 si.. 70O_^,3^j3^^ 



(d— •) am.iiO^ 

Tbe number of rsTOlotions per minute is « «■ 0,55 . !■ » ^*^^ ' ^^'^^ » 67,4, 

r, 18 

From this we have the areas of the orifices of discharge: 
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e 12,15 Cg V 17,19 

Afsamiog the thickoefls of the backets to be SJ iioeB^mOftXl feet, and snppotiiig tfaa t 

the ntio of the depth lo the width of the orifloei 4i ^ -^ ■* f , v® bave as the reqiti^ 

Bomber of buckets : 

^ ■„ 4. (a tr r, silt. * - n, f ,)« 3 . (5,655 — 0,017 »,)» ^ 

f* 2,473 ' 

and, heooe, we have as the height of the wheel, or of the orifloes: 

F _ 2,473 _ 2,473 _^^^g^g^^ 



2vr, Jin.* — n,f, 5,655 — 0,51 5,145 
Supposing 4 "■ f > ^he number of buckets would be: 

ii«.i^»iili:?lia.-i!i.«37,8,forwhiohwemayadopi36. FMimihkwe 
i* 0,4808* 0,2311 

get the required angle of discharge: 

mLi J't(<+4*) 1,748(0,4808+0,017.5) 
"" 2»r^ " 2 ». 2,45 . 0,4808* 

1,748.0.5658 Qg^gp coosequenUy >« 160, 8", and 
4,9 .». 0,4808* » • -^ / 

d « £• a. _J:!15L_ a. 0,1010 feet 
ii< 36.0,4808 

If the tarfaiDe is to be clear of the back water, it must be raised a certain height above 
the surftoe of the tail-race ; and as the half height of the wheel 1 v 0,2404 feel, this 

distance may be estimated at 0,5 feet If this excess of fell does not exist, then the etf* 
oulations must be based on a fell of 4) feet, instead of on that of 5 feet In order to 
judge of the loss of water, we have to find the amount of «^ the excess of pressure of die 
water passing under the sluice. We have : 

«»A— (1 + ^» 5—1,18 . 0/)16. 12,13*« 5— 2,778^2,222 fee^and the Tdo- 

dty corresponding am 7,906 v^,222 mm 1 1,78 feet If, therelbre, the qpace between die 
wheel and the bottom plate be J^ inch, its area is: 2 . 1,8 . sr . y^, - vO,0393 squaie 

feet, and, therefore, the quantity of water escaping: Q, as 11,78 . 0,0393 as 0,46 cubic 
feet To diminish this loss, which will be the less the tower the sluk)e, the JttlM^i^Df 
the wheel must be very accumtely done, so that the space between the wheel and bot- 
tom plate may be as small as possible; or, by increasing e and making 6 less, x most be 
reduced as low as possible. 

The dividing angle of the wheel is 2^ v 10<>; bat the thieiaieae of the kodMli 

36 

takes up an angle » * » 2*211 v 0,02497, or an angle » 1^26^,hence 

rsiM.1 2,45 stn. 16^, 8' 
f mm 99 f 34', the angle of curvature of one part of the bucket The radius correspond- 
ing is: 

rag.(»-it)_^ ^^2,45 «». U^, 51^ ,0^g05»2,3541 feet 
COS. i t * CM. 4®, 17' 

The radius of the eeoond pan of the wheel-bucket: 

* 2(rcoi>+r,cM.tf)— d 3,476—0,101 ** 3,875 ** ' 
The corresponding angle of curvature is : f i as 180^ — d— l+r— t, in which 

tosig. «■ as — \ z., and lamg. r mm, — i ; expressed nnmerically : 

r, — a, «os. d r— aioof.^ 

t,a.70»— 16* 8' + 24« 42^- 6« 56'»71», 38^. 

These investigations a6brd us the necessary, elements for the construction of a 

turbine for the fall in question, and we have now only to calcolale the useful eflbct 

that such a machine will yield. The absolute velocity of the water discharged is 

IS 8s 2 r. im. i » «B 2 . 17,15 sill. 8<>, 4' w 4,813 feet, and, henoe, the km of fell Qomsponi^ 

t^ 

ing V ;- SB 0,016 . 4,813*«B 0,371 feet Again, the toss of fell oooastooed by the i«Mt- 
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anee in Ae gnide«iirre8«B0,18 — w 0,18 . 0,16 . 13,13* wm 0,423 feet The loss of 

All arising fltmi the bydnalie retistanees, may be ettimated ai ibltows : Frora an aocn« 
rate dnwing of the wheel, and the results of the calculations given above, it will be 
foam! that each wheel channel consists of two parts, of which the one is 0,1 1 feet wide, 
and 0,2 long ; the radius 2,35 feet, the central angle 4}^, and the other is 0,21 feet wide, 
and 0,05 feet long, the radins of curvature 0,755 feet, and central angle of 71^, 38'. 
From this we deduce the co-efficient of resistance for the smaller part : 

f,»0,124 + 3,104(A^J»0,124+ 3,104 (ML^Ja■0,124 

and ibr the larger : Ci »0,124 + 3,104 . (^^\i^ 0,127. Again, the angle raUo for 

\ 1,61 / 

tliaflntpartblwMa 0,025, and for the second 'U^ a. 0,398. Again, the sec- 
■^ «r 180 180 

tion of the first is J^ » .- ?iZl? «. 0,01 8, and for Uie second part 

mde 36.0,11.0,4808 ' 

1 748 

■B -- — ^ * SB 0,481, and hence we have for the oo-etfcient of the whole resists 

36 . 0j21 . 0,4808 

anoe arising ftom ourvamre : 

«, OB 0,124 . 0,025 . 0,0I8i+ 0.127 . 0.308 . 0,481* «b 0,0026 + 0,0117 ■■ 0,0143. 

Further, the co-effident of frict ion in the first part: 

fa SB 0,0144 + 0,0160 J^lll a Ofil44 + 0,0160 /^^ ' ^^" .0,4808 
M 0/)187, and for the second «■ 0,0144 + 0,0160 /36 . 0,21 . 0,4 »<J8 ^ ^^^^^ ^^ 

mio(tiLl\ I for the first part a. 0.5008 . 0,2 ^ ^^^^ ^^^ ^^^ ^^ ^^^^^^ 
\2rfs/ *^ 2.0,11.0,4808 

A Mn^O f\ QIC 

wm 1 '—^ ^3,250, and from this we have the co efficient of friction for the 

2 . 0,21 . 0,4808 

whole channel : 

)4ai0,0187. 1,117 .0,018*+ 0,0203 . 3,250 . 0,4 8 !*» 0,0 176 + 0,0 1 52 ss 0,0328, 

and hence, lastly, the co-efficient for all the resistances in a wbeet'channel is : 

a SB a, + a, OB 0,0143 + 0,0328 a 0,0471, and the loss of fall corresponding to this 

w« • i^a> 0,0471 . 0,016 . 17,I5i am 0,222 feet The three losses of fall just esti* 

mated as 0,371 -(- 0,424 + 0,222 as 1,017 feet, and thus there remains of the total effect 
at disposition, QAgai30.5.66ai 9000 feet lbs., only 

/Van 30 . (5— 1,017) 66 OB 7886 lbs. as uaefiU eOect There is, however, some por- 
tion of this oonsomed by the friction of the pivot. If the weight of the wheel, &o., 
be 2000 lbs., and supposing the radius of the pivot as 1) inch, and the co-efficient 
of frMoQ 0^75, tha mecbanicnl effect consumed by the friction of the pivot 

av !?/ 69, av — L. . 0,075 . 2000 . 12,7 1 as 132 feet lbs. (Suppose the co efficient of 
1*1 • 1,0 

friction 0,12, which if more likely, then the friction w 210 feet lbs.) The nseAil effect 

available, directly at the axle of the wheel, is then : 

X as 7886 — 210 as 7676 feet lbs. as 13,0 horse power. If we assume 0,5 feet lost 

besides, by keeping the wheel free of the water in the race, then the efficiency : 

n^JLmm Z5!?_ » 0,705.* 

Qhy 30.5,5.66 

§ 159. TurhineM taUhowt Gutde-Ourves. — ^The proportions of tur* 
bines without ffnide-coryes are only partly deduoible in the manner 
of turbines irith guide-curves. The angle a is in these 90^, and the 

* pt will be observed that, in working this example, we have retained the co-efficients 
applioaUe to the Fnasian waii^ and measures, Tia.: — ^ 0,016, and the weight of 

file eabie foot of water 66 lbs., for which tha smdent can at pleasore substimte 0,0155 
and 62,6 respectively, also 8,02 for 7,006w— Ax. En.] 
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angle 3 ^ 150^ to 160^, in order to have x as low as possible. The 
ratio r «i — is only 1,15 to 1,80, as, otherwise, from fi being so 

large, the length of bucket would be inconvenient. In order to have 
the loss of mechanical effect for the entrance on the wheel as low as 
possible, the water is laid on to the wheel with a velocity of only 

2 feet, and hence the internal radius r^ is only 0,4 s/ Q, and the 

extei^al radius r mt p r^tm 0,4 * ^/Q. 

The best velocity of rotation is also to be calculated by a different 
rule, as the formula : 

»-. / " ~ ^* 

\ / 2 sin. 3 COS. a / sin, fi \» /_r \» 

V tin. (4 — .) '*' ' \*m. (/»—•)/ "^ " \rj 
Trhich in this case has the form: 






Vjjin. /5 



gives too great values. The reason of this is, that the condition of 
making the velocity of discharge » 0, does not, on account of the 
prejudicial resistances, lead to the maximum effect being produced ; 
and it is only for turbines with guide-curves, that the raffilment of 
this condition sives satisfactory approximations to this maximnni. 
On the other nand, for turbines without guide-curves, and in all 
cases in which o is nearly 90°, the influence of the prejudicial re- 
sistances on the working of the wheel becomes too great for its 
being possible to assume that to «i 0, or v ■- e,. In order to And 
the least velocity for these wheels, we adopt the following method : 
We have afaready (Vol. II. § 147) found that 

(1 + ») c,» — ^A + r* — 2c»j COS. a — f c», and as 

COS. a IB COS. 90° ■» 0, and 

(1 + .) c* - ?grA + »» fi — f (^y<«v- <*•]; 

and, therefore, the velocity of discharge : 

V 1 + , ' 

Hence, the loss of fall : 

c-* + r* — 2cjr eo$.^ + mc^^ + (€^ 

y — % — ; , 

(1 + ») c,» + »»ri + c(^\*tang. fi*]—2v e,eo$. 9 
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\ /agh+v*[l-t:ri)'tang.^l 

-'-(•-• V ^^-rrr- ^— )-7' 

and, therefore, the effect to be expected firom the wheel : 

If we put + for 1 — ? (^\ tang. f?y and t for ^ ^ then we have, 

more simply, X—(v •^A + + t»* — tt;*)— • 

In order that this value may give a maximum, we can deduce by 
the higher calcnlufl that t v «> ° — y or, if we represent the 

ratio of the height due to velocity — to the pressure height A, that 

is, J^ by X, then ^±^^ », and hence, x „»— ^»^. If 

from this we have got Xy we have for the velocity v ■■ ^x • ^^9 

v^^^v^ e^ — v^ tang, fiy and e^mz | ^ +^ — ^ Hence the sec- 

r \ 1 + * 

tions F^-^j and jP, ■■ -i, and, lastly, the height of the wheel, or 
e e^ 

F 

of the orifice e «« ■- — • 

The other proportions, as the construction of the buckets, fcc. ftc, 
do not differ from those of turbines having guide-curves. 

Remark. Strictly ipeaking, turbines with gnideKMrret should also be treated in this 
manner, but as the expressions are very complicated, and lead to a value of ^ which 

differs rery little from unity, we have deemed the investifation unn ec essary. 

Examfk, It is required to make the necessary calculations fi»r the design of a tuifatne 
on Gadiat's plan, for a fiUl of 5 feet, with 30 cubic feet of water per second. Assuming 

0« ISO^^.f « 1,3, and r.a*0,4 v/Q«0,4 y/ao^ 2,19, which we shall make 2,25, and, 
henoe, r« 1,2 . 3,29«2,70 feeL If, further, (« 0,15, and a ■■ 0,10, and >« 16^, then 

+ — I — t (!iY . Umg. r — 1 —0,15 . (f25L!?!>l— 1—0,035 «-0,965,and 

^^V^^ + *» V^ . 1,001 ; and, therefore, 
♦cos.* cos.l6^ ' ' 

X - lr:>^^=i* - 1^??1=M^ . 0,672, and v/7- 0,820. 

voii. n, — 24 
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From ihiB we have the moet advantageoiu Telooity of rotation: 

V as y/y^h « 0,82 . 7,906 v/Fa 14,50 feet Again, v. «i 1 s 1^ m» 12,08 feet, 

r 1,2 

c s — o, tang. B mm 12,08 tang. 30^ a 6,97 feet, and 



MTTl^ /312,5+ 202,9 ^g 



and DOW we have the section 1^^ 2: «■ as 4,304 aquaie feet, and the seotion 

e 6,97 

O 30 

J*, SB ~ IB ^ «■ 1 ,386 aqnaie feet Henoe, again, we have the height of the wheel : 

Cm 21,65 
ff 4 304 

e 3B ——IB — ! ^0,304 feet and if we take for the orifices of dieehaige of the 

2irr, 2. 2,25.9 

wheel, the proportional dimensions -■ la f , we have lor the nnmber of buckets: 

a 

<i»i^«iili:^«i!!?!-«30. Ifthethicknes8ofthebiicketplalais«B0,0l1 
i» 0,304« 0,0924 "^ ' 

feet, we have as the angle of discharge : 

^ ^^ Jg—ngt ^ 1,386 — 30 . 0,304 . 0,017 1,226 ^^^^ 

■" 2srre *" 2 . 2,7 . 0,304 » **l,6 416ir ^ 

and, hence, >ib 13}^. As we assumed above that lor 4 imX »**, ^bm 16^, the velo- 

cot. > 

cities, sectional areas, &a, just found, will be slightly varied by the introductjon of 
|« 13)^. The efficiency of this wheel is: 

,» 0-(t-^A^'^\ ^ ^/ l-0.28U178,5 x 1 

\ ^A/^v^T+^ V 1W,25 ^1.116.],049 

1 —-0 321 0670 
^ 1 * ^ JZ^ — ^ 0,578, the co-efficient 7,906 being taken for Prussian measures, 

1,17 1,17 

as in last example. 

For the same fell, a Foomeyron's turbine gave an efficiency t as 0,705. (Sk example 
to last paragraph.) 

§ 160. Whitelato'i !Purhine$» — The Scottish turbine has to be 
treated differently from that of Gadiat, inasmnch as the water 
enters the wheel, in great measure, in a manner inYoWing tAoel, 
and because in these turbines the dimensions and form of the wheel* 
channels are much more arbitrary than for the other. The anele i 
may be made much less in these than in the other forms of tur&ne. 
They are peculiarly adapted for falls of great height, with small 
supply of water. 

The width of the pressure pipe may be determined by the condition 
that there shall be a maximum velocity of 6 feet per second through 
it. So that the internal radius of the wheel, or the radius of the 

pressure pipe r^ ■- f ^^ m 0,28 ^ Q. The external radius la made 

^O ft 

2, S, or 4 times this, according as the number of ann$ or discharge 
channels is 4, 8, or 2. The velocities v, t;,, and c, and, therefore, the 
sections F^ and F,, may be determined as in the case of turbines 

without guide-curves (last paragraph). The depth or height of the 

W p 

wheel e m -r , and the width of the orifices of discharee ■■ d ^. 

2ffr/ ® ne 

In determining v or ^rw -rr-ry it will be necessary to take C higher 

2gh 

than 0,15, as shock cannot be avoided where the stream of water 



. thitslaw'b iubbihbs. 279 

dirides itself to van in so mxaj difierent direotionB. It m^y be 
waamed, irithont much risk of error, that C — 0,20. As the ums or 
vheel oliannele are conuderablj longer than in any other tnrbine, 
ve muflt take a higher valae for s, and asanme it at least 0,15. 

The anna are generally eorred according to the Archimedian 
8]Hral ; they may be cnrved to the form ABI), Fig. 272, composed 
m two drcnlar arcs, AB and SJD, For this, the orifiee of the inlet 
pipe, or internal periphery of 

the wheel, is divided into as ^'b '*"■ 

muiy eqnal parts as there are 
to be arms — three in the case, 
Hg. 273, and from each of 
these draw the line AS, mak- 
ing the angle fi with the tan- 
gent at that point ; or, for 
example, make SAC 
_ 270=' _ po — 90° + (S°, then 
with the eztwnal radius r, de- 
scribe a circle, and diride it 
into as many eqnal parts as 
there are to be arms, bnt so 
that between the two points A 
and D of the two peripheries, 
a central angle of abont 185°, 

150°, or 180° is inclnded, according as the number of arms is 4, 3, 
or 2. The direction of the axis i>7 being laid off in such manner 
that the angle CJ>T equals about 80°, we find the centres Jlf and 
of the arcs AB and BD forming the axis, by bisecting ^e angles 
SAP, TBA by the straight lines AB and BB ; then draw SF 
parallel to AD, and ^3f at right angles to AS,BO at right angles 
to STy and BO at right angles to JDT. We see the reason of this 
at once, if we consider that, by division of the angles SAD and 
TBA, and by drawing the paratlel ST, the angles Jt&A and S£AB, 
and also the straight lines MA and MB, are made eqnal to each 
other, that in tike manner the angles OBB and OBD, as also the 
lines OS and OD, are made equal to each other. 

To find the onteides of the pipes, i>(? is madeHjDiTis the half 

width of orifice -, and FN is made > KJf, and the arcs ffK and 
GF are drawn, so that the width Qff gradually passes into J'JT, ke. 



asternal imJiiurB 4. r, SB 1,2 feet. WetballputSa 

a»0,l»,uid (mOiSS, bancs: 

+ «1— 0,39. /'■VKuif.S'— 1 — 0^5. iJiCloiig. 30^'— 1—0,0052 — 0,Bfl*8,»jid 

f^^+^,>^hil, 1.0890. 
* M.* tm.iCfi ' 
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Of the All A «: 150, the fViction of die water in the 9 inch pipe, which may be preenmed 
to be 200 feet long, ooDsumet, aooording to YoL L SS 331 and 332, an amoant : 

*«0,0213.0,016.('iY.i^ — 0,0003408 . /lY . ??2ji:^ 
' \w/ 4^ \«r/ 0,76* 

«: 0,0003408 . 1,631 . ^^ ' ^^ ^ 0,03408 . 1,621 . ^ mm 1,05 feet; therefore, we 

must ooly introduce h tm 148,95 feet in oar calculations. For the most adTantageons 
velocity : 

t — V^»^ — 4 1,089 — ^1,1858 — 0,9948 1,089 — 0,437 ^^^ 
2^^^^nr4 1,9896 v^O^lFl ^^^^ 

And hence ; 



v^y/X*2ghmz v^,75 . 62,5 . 148,95 m 83,56 feet, v. » 1 m 20,89 leet ; 

4 

cae — 9, tang. |?b 20,89 tang. 30^ s 12,06 feet; and 

c,- SH. p!d±!^-U8,8«fe*t (Pnumn.) 
* -J l + « W 1,15 

O IS 

From this we have the sections: 1* ss -^ m Jil- ^ 0,1244 square feet, and 

c 12,06 ^ 

Q 15 
x,B^ab — ! — ^0,01262 square feet From this again we have the height of 

wheel € as -£- ^ ?llBll » 0,066, and, lasUy, the width of orifice: 
2irr,** 0,6 » 

ds ^ a .2£i^s?!^l^s 0,0956 feet » 1,15 inches. In order to have a 
ne 2.0,066 U,i32 

greater ratio ~ between the sides of the orifices, we should have to introduce more arms 
a 

or wheel channels ; but as the diannels are very long, even the above proportion would 

be found to insure tkfitttjlow through them. The efficiency of the wheel, neglecting the 

iHction at the joint and losses in the pressure pipe, is : 



[l-(t'-+)2x] i 



— (1 — 0,191.1,6) 1 —2lZl??— 0,611. 

^ ^ 1,089 . 1,07 1,167 

§ 161. Camparisan of Turbines. — ^Let hb now draw a compariflon 
between the tnree turbines of Foumeyron, Gadiat, and Whitelaw. 
The turbine with guide-curves is unquestionably the more perfect 
construction, mechanicallj considered^-as by this arrangement (whoi 
c, Bs v) the entire vis viva of the water may be taken from it, which 
cannot be done without this apparatus. All things considered, the 
velocity of rotat ion for all the wheels is nearly the same, Tiii : 

r^v 'm 0,7 ^2gh to y/2gh for the maximum effect. This maximum 
e£Fect is nearly the same for each of them, the advantage being on 
the side of Foumeyron's wheels, when working in its normal state, 
and on the side of Whitelaw's, when the supply of water is very 
variable. The Scottish turbine may be constructed at less cost than 
Foumeyron's turbines with guide-curves. 

In general terms, we believe that the turbines of Foumeyron and 
Cadiat are better adapted for very low falls and those of moderate 
height (up to 80 feet) with large supplies of water, whilst for hieh 
falls and small supplies of water, Whitelaw's wheels are to be 
preferred. 
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S un c rk . Id ihe can of tnrbiDN without guide-ourTea, npeeialJf when the Skli n tugig 
ihe waiei Iraving iha wbeel relaini * couider- 

■ble alMOluie Tetocilf v^e, — v, and brace a Fi^. 374. 

ticKabls amouDt of cu nea is loM. This kwi may 
bo avoided, or ai leail rnuch diminiahed, if the 
liit nKI of the water teaviog the tucbine be applied 
(o a Mcoiid wheel. H. Aitbane, of the Sain Iron 
Worka, hai put thi* inla pnctioe U m mill near 
EhrentireilMein. The eueolial pait of the con- 
Mioolion of this wheel ii repreienled by Fig. 374. 
jf£J ii a reaotiOD wheel with four curveil dis- 
charge pipa. the fall being 130 feet (coinpwe 
} 141), BB ii a larger wheel with curTed buolieti, 
•et io motion by ibe water diacba^ed at J, A. 
A* the wheel* tevotve in oppoiite dii«eiion«,iiier 
haTe IO be oratMcted with each other bjr raver*- 
itig gearing. The outer wheel bu this furlber 
advantage, that it add* to tbe fly, or regulating 
power of the tnachine.* (Set " Inner- Ottertei- 
chiMbe* Gewerbeblati," Jahigang 5, 1843.) 

§ 162. JSxperimentt on Tarbiiiea. — NnmberlesB esperimentB on 
turbines of the different forms we have now been discnsBine are 
estant, bnt the reported results are not all trustworthy. These 
recipients of water power are in manj reapeota admirable machines, 
but to suppose that an efficiency « 0,85 to 0,90 has been obtained 
from them, arises from some mistake. As the discharge of water 
through the most perfectly formed ^orifice has a velocity co-efficient 
f a 0,97 (Vol. I. § 812), there most be a loss of mechanical effect 
at entering the wheel, represented by 

(-^' — 1)=- Qr~ %^^Q- Qr- ^ '^''^o, the friction of water 

in » pipe six times as long as it is wide, oonaomes (Vol. I. § SSI) 

0,019 . 6 . ^ Qy - 0,114 ^ Qt, or 11,4 per cent, of the avail- 

able fall (as — — -!- nearly > A, j, we see that, deducting these re- 
sistances, there remain only 83 per cent, of effect over. If we 
allow only 2 per cent, for the resutance in the curved conduits, 2 
per cent, for shock on the ends of the buckets, and 8 per cent, for 
the mechanical effect retained by the water discbarged, and neglect- 
ing all other sources of lose, suon as is involved in the guideniiirves, 
&0., there remain only 76 per cent, of useful effect, and, therefore, 
a tnrbine that gives us an efficiency ^ •■ 0,75, may be considered as a 
very excellent one. The experiments of Morin and other impartial 
persons give results as to efficiency as high as 0,75, but never above 
this. 

Morin's experiments were published about ten years ago, under 
the title " Experiences sur les roues hydrauliques i axe vertical, 

* [A Beooiid wbeel tn receive tbe walar froni a common Barker'* mill wa* used in 
model by ihe Editor, to illusuaie his iecturei before the Fienklio InMilaie, about ilie yeu 
1830-31. The model is probably now at Carlisle, Fa.— Am. Ed.] 
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appel^es Turbines, Metz et Paris, 1888." The first experiments 
were made on one of Foumeyron's turbines at Moussay, external 
diameter of wheel b 2,8 feet, depth i* 0,86 feet, fall » 24,6 feet> 
and the quantity of water laid on » 26 cubic feet per second. 
Thus there was a fall of upwards of 70 horse power at disposition. 
The result of these experiments, stated in general terms, was that, 
whether the wheel worked more or less in back-water, it gave for 
180 to 190 revolutions per minute, a maximum effect of 69 per cent, 
of the whole power. When the number of revolutions was greater 
or less by from 40 to 50 per cent, of the above, the efficiency was 
from 7 to 8 per cent. less. These were the residts when the cylin- 
drical sluice was quite drawn up ; but when the sluice was lowered 
to half the height of the wheel, the efficiency was reduced about 8 
per cent. Had the wheel been entirely free of back-water, this fall- 
ing off in efficiency must have been greater. 

Experiments on a turbine at MUhlbach for a fall of 120 horse 
power, gave the following results: diameter of wheel 2 metres, 
height i metre, fall 12 feet, with 86 cubic feet of water per second. 
With the sluice quite drawn, the wheel made 50 to 60 revolutions, 
and the efficiency was 0,78 according to Morin ; but he has adopted 
too low a co-efficient of discharge in calculating the quantity of 
water, and, therefore, 0,75 is^ probably the true efficiency. For 
variations of from 80 to 80 revolutions, the efficiency did not vary 
more than 4 per cent, from the above. The efficiency was the same 
whether the wheel was only a few inches, or 8 feet under water. 
The efficiency was nearly constant for great variations in the quan- 
tity of water laid on. As the sluice was depressed, the efficiency 
fell off rapidly. Morin directed experiments to ascertaining the 

ratio — =. , and found, as theory indicates, that this ratio increaseB 

y/2gh 

as V increases (owing to the influence of centrifugal foroe)| and de- 
creases as the sluice is raised. 

§ 168. Bedtenbacher ^ves the result of some experiments on 
turbines in Switzerland, m his work ^' Ueber die Theorie und den 
Bau der Turbinen und Yentilatoren." These were ill constructed, 
and gave low results. 

Among other interesting results which Bedtenbacher deduces 
from the recorded experiments on Foomeyron's turbines, we ma^ 
particularly mention that these wheels, when working with their 
maximum effect, and with sluice fully drawn, make hall the number 
of revolutions that they do when working free of all load but their 
own inherent resistances. 

Combes' experiments, with models of his wheels, give less efficiency 
than those above mentioned, viz : 0,51 to 0,56. 

Mr. EUwood Morris, of Philadelphia, has recorded a very complete 
set of experiments on two turbines of Foumeyron, (aee ^^ JoQcnai of 
. the Franklin Institute," Dec. 1843.) 

One wheel was 4§ feet diameter, 8 inehes high, 6 feet fall, 1700 
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cubic feet of water per minnte. Sluice drawn 6 inches, 52 revolu- 
tions per minnte, efficiency found to be 0,7. The velocity r, of the 

inner periphery of the wheel was then » 0,46 y/2gh. For varia- 
tions between v^^ 0,6 v'2^Ato 0,9 \/2^A, the value of 17 varied 
from 0,64 to 0,70. The other wheel was 4' — 5'' diameter, 6 inches 
deep, 4^ feet fall, 14 cubic feet per second. It revolved under 
water, and when the sluice was drawn 4^ inches, the effects were 

as follows: For Vj-* 25 to 80 per cent, of \/2fA, then n ^ 0,71. 

ft 
For — -i— » 0,45, that is tea 49, the maximum effect was obtained. 



s/2gh 



V 



or n » 0,75. For ' » 0,5 to 0,7, the value of 17 « 0,60. 

Bemark, The results of experiments on Cadiat's wheels are probably overstated. Ex- 
periments on Whitelaw^s wheels, as made by Messrs. Randolph and Co., of Glasgow, 
give results varying from 0,60 to 0,75 for the «9ieiency. 

§ 164. Fantatne'i Turbine. — The turbines recently introduced by 
Fontaine and Jonval, differ from those of Fourneyron, inasmuch as 
the guide-curves, instead of being in one place with, are placed above 
the wheel, and thus the water does not flow otUwards on to the 
wheel, but from above downwards, and is discharged from the bot- 
tom of the wheel. Centrifugal force plays only a very subordinate 
part in the motion of the water through these wheels, gravity taking 
its place. The difference between the turbine of Fontaine and that 
of Jonval consists in the former being placed immediately on or 
under the surface of the water in the race; while, in Jonval's arrange- 
ment, the water flowing through the wheel forms a column of water 
under the wheely but acts upon the wheel just as if it pressed 
vpon it. GHie arrangement of Fontaine's turbine is shown in Fig. 
275, in vertical section and in plan. AA is the wheel, BB is the 
wheel plate, uniting the wheel with the hollow axle OCDD. In 
order that the pivot may be out of the water, the axle QD ends in 
an eye Q-Q-^ in which there is a steel plus FS (which can be raised 
or depressed by the screw S) resting on the solid axle EF at F. 

The motion of the wheel is transmitted by an axle Hj firmly con- 
nected with the head of the hollow shaft. To keep the upright 
shaft from the water, it is surrounded by a casing, as in Fourney- 
ron's turbines. The ffuide-curve apparatus JiCJiCis screwed on to the 
beams XL, and to it there is a plate KMMK united, having a cyUn- 
drieal metallic bed JtfJIf, in which there is a collar similar to that 
at DDj for maintainins the perpendicularity and steadiness of the 
shaft. The form of uie guide-curves JV*,and of the wheel-bucketo 
O, is represented at III. For regulating the quantity of water laid 
on, there is a compound sluice, having as many separate valves as 
there are guide-curves. These valves are covered by round pieces 
of wood, and are fastened by screws and nuts to the cylindrical 
casing of the guide-curve apparatus. The sluice-rods PQ, PQ • •'. 
are firmly united to each o&er by an iron ring QQ^ which can be 
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Tftised uid depressed hj three lifting-rods QA, QR . . . For this 
porpose the ends ^ A ... of these rods are cat m screws, »nd 
toothed wheels T, T . . . put on them, the nave or box of these 
having female screws, and the peripheries of die whole b«ing en- 
compassed by as endless chain. 

When one of these wheels is moTed by means of a winch, or other* 
wise, it is evident that the rest most be so too, so that the three rods 
are moved simnltaneously. 



JOBTAL B TTTRBINE. 



§ 165. JonvaVa Turbine.—Figs. 276 and 277, I, II, and III, re- 
preeeAt Jonval's turbine. Here, again, j9Ji is the wheel, united to 



the apright ahaft CD by a disc or plate ; BB is the gnide-onrve 
apparatna opening as a direrging cone into the lead. The pivot 
reata on a footstep C, aupported hj EE. The relative poaition of 
the wheel and gaide-carveB, aa alao a part of the ontaide of tbe pipe 
in which the wheel ia encloaed, is repreaented at II and III. 

To keep tbe surface of the water in the lead free from agitation, 
a float SS is placed on it, and for regulating the wheel's motion, a 
elnice G is introduced, worked b; a handle at K, A'ccording as 
thia sluice ia raised or depressed, more or leas water flows away, and 
thna the power ia regulated. 

The framing LL supports tbe plumber-blocks for the upper end 
of the shaft, and for a horizontal shaft, through which the motion 
is first traoamitted by a pair of mitre wheels. When the wheela are 
small, the reservoir or well in which the wheel is enclosed may be 
of cast iron; for large wheela it should be built of solid masonry. 

It ia evident, from what we have now detailed, that tbe turbines of 
Fontaine and Jonval are eesentially alike in their main proportiona, 
and that their theoiy'ia the same. In both, the water in the lead 
stands at a certain height h^ above the point of entrance on the 
wheel. The water in the race, however, stands in Jonval's turbine 
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at a certain depth A, helote the wheel, while, in Fontune'a amine* 
ment, the race-water is in immediate contact with the wheel.* "Sm 
regulation of the wheel's moUon ia .managed in Fontaine's bj aa 



intwoal, and in Jonval's by an external nlmoe — the one being 
analogons in this respect to Fonr- 
fiK-Vt*- neyron's tnrbine, the other to tbat 

of Cadiat. 

§166. Theory <if Ftmtaine't amd 
Jonval'B TTirbinet. — In developing 
the theorr of the turbines of Fon- 
taine and Jonval, we shall adapt 
the following symbols. 

Let the angle of inclinadoa oi a 
guide-curve A'G to the horiaiHi, or 
the angle of entrance of the water 
JfGG^ - e M, Fig 2T8, - ». The 
angle e, Jiv which the upper end of the wheel bucket A makes with 
the motion of the wheel « ?,' and the angle DD,E, at which the 
bottom of the wheel bucket meets the horisootal «• s. Let tbe abso- 
lute velocity of entrance of the water on the wheel ^cvc, the 'mb^ 

radius of the wheel r _ _ ' "^ *"* , corresponding tothe Telocity of the 

wheel Av^v. The relative velocity of entrance ^c, ~ c„ and the velo- 
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eity of discharge Bc^ ■■ r,. Again, let Fms the sum of the areas of all 
the sectioBS JVG. of the water flowing out of the guide-carre apparatus, 
F, the sum of tne upper sections G^Kj and jP, the snm of the lower 
sections DE of the wheel channels. 

If, again, ^ be the co-efficient of resistance in the gnide-curre 
canals, and x the head measuring the pressure of the water entering 
the wheel, then (1 + ^ "* ^^ (^i — ^)» ^^^ reckoning the height 
a (84 feet) of a column of water equal to the atmospheric pressure, 

then (1 + f) ^ — ^ (« + *i — ^)- 
For the relative velocity, we have: 

c ' ■- (^ + V* — 2evco$. a. 
If, again, b ■■ the aepth of the wheel, y » the height of a column 
of water ■■ to the pressure of water immediately under the wheel, 
and m the co-efficient of resistance in the wheel channels, then, for, 
the relative velocity of discharge, we have: 

(1 + •)c,«- 2g{b + x—y) + tf,» - ^(a H- A, -h 6— y) 

•f r* — 2cvco«.o — fc* 

If we here again endeavor to take from the water as much effect 
as is inherent in it, and, therefore, make c, » v, and also 

tt% 09#S n 

c «■ «- — _I — ., we then have for the relative velocity of discharge : 

«n. (p — ft) 

L «n. (/5 — a) \«n. {fi — a)/ J 

and, therefore, the best velocity of the wheel : 

2g{a + h^ + b — y) 




2 nn. fi CO M, a ^ ^/ rin. {fi — a) \* ^ ^ 
rin. (0 — a) \(ftn. fi — a)/ 



The pressmre-heiffht y, when the turbine revolves in free air, is 
eqnal to the atmospheric pressure a; but when the turbine is in back 
water, it ■■ a + A^ where A, is the height of the surface of the 
water above the bottom of the wheel ; and lastly, when the wheel is 
above the race water, as in Jonval's arrangement, y ■■ a — A, -f z, 
where A^ ■■ the depth of the race surface underneath the bottom of 
the wheel, and z is the height due to the velocity of the water flow- 
ing through the sluice from the reservoir to the tail-race. The total 
fall for the case of the wheel revolving free of back water is 
A ■■ A. + &; when the wheel is in back water, A » A^ + 6 — A,; 
and when the wheel is above the tail water, A a A^ + & + A,. Hence, 
for the two first cases: 

t,,\/iz: ^* 

I / rin, fi COS. ft - / rin. a \* , 

V ^ «». (P — •) W. {/I — •)/ 
and, for the lattery 

t,.\ / ^(*-') . 

^ nn. [fi — ft) \«n. {p — ©)/ 



* 
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and, when the orifice 0- hj which the Tessel commimicates with the 
tail-race is large, or when the water flows away very slowly : 

§ 167. From the velocity v » c^ the absolute velocity of entrance 

Q a ^ ^^' P jiQJ i\^Q pressure height : 
9in. (fi — o) 

may be calciflated. Neglecting prejudicial resistances : 

x-a+ A, _- *-!*L^ , 

ZC09. onn. (/3 — o) 

and neglecting the atmospheric pressure : 

2 cos, o Hn. (fi — o) 
rrw 0, or more correctly ^» the external pressure of the atmosphere 

A kin fi 

when A. « ^,—7 r . The loss of water involved in the 

2 co%. a «». (/a — •) 

free space necessarily left, depends on the difierence between Ae 

internal pressure (x), and the external pressure at this point, and is 

different in the two turbines now under consideration. That the 

water may flow on in a connected stream, x must never descend to 0, 

that is, we must have a + A. > ?!!L£ -. Again, that the 

2 eo9. a s%n. (/5 — •) 

water may not recede from the bottom of the wheel, we must never 

have y «* 0, that is, we must have : 

a — A, + «>0, or A,<:a + 2,or A,<: a + — f^. 

Hence, when the area of the orifice O- is large, we must have 
A, < a. From this we see that the height of the wheel above the 
surface of the tail-race must never reach to the water-barometric 
heieht of 84 feet. 

If, in Jonval's turbine, the reservoir be high and narrow, so that 
the velocitv of the water in it is considerable, there arise losses of 
effect at this point from friction, resistance in curves, impact, &c., 
&c. On this account, it is advisable to make the reservoir wide in 
proportion to the wheel's diameter. 

§ 168. The Mechanical Effect of Fontaine" 9 and JonvaTi Tur- 
bines. — The effect of these turbines may be deduced exactly as that 
of Foumeyron's has been, by subtracting from the total mecha- 
nical effect of the fall Q A y, the effect consumed by different pi%* 
judicial resistances, be. The loss in the guide-curve apparatus 

Xj Ki i; , _ Qy^ and that in the wheel-channel I^-m s_ Qy. Again, 

«^ . ^^ 

the loss of the vie viva retained by the water at its exit from the 

wheel, is 
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In Jonval's turbines, there has to be added to these the loss of 
effect inyolyed in the yelocity of discharge {w^) through the sluice 

Hence the total effect of the wheel : 

We see from this that the loss of effect increases as the angle a in- 
creases, and as the velocity w^ is greater, or as the velocity of dis- 
charge and sluice-opening 0- are less. 

When the sluice is fully drawn, and the reservoir is wide, w^ may 
be assumed » 0. Hence, in Jonval's turbine, the efficiency decreases 
as the quantity of water diminishes, or as the sluice is lowered. In 
Fontaine's turbines, the same relative effects are produced for dif« 
ferent positions of the sluice as in Fourneyron's turbines. It appears, 
therefore, that the efficiency of the turbines now under discussion. 
cannot be much more or less than that of Fourneyron's in the sam^ 
circumstances. Experiments, hereafter cited, confirm this. 
• §169. Oofutruetian of Fontaine* $ and JonvaPs Turbines. — We 
have now to determine the general rules for the proportions and 
construction of these wheels. 

The angles J3 and 8 of the wheel-buckets are taken arbitrarily — the 
latter, however, as small as possible, i. e., 15^ to 20^, and^ » 100^ 
to 110^. From these we have the guide-curve angle o, if, for the 
sake of preventing all impact at entrance of the water, we put 

^i «lK "■ c, $in. aw sin. a, and -i-mm 



V sin. (/3 — o) 



Hence, by combination : , ^* * , « 9m^ , ^^^ ^^ ^^^ 

wn. (0 — •) stn.fi 

sin. (fi — a) 1 . 4^ A . I 

-, — ^—. — ^ i« -; , or eotg. m » eotg. fi + -A-r- 

atfi. a sin. p sin. a stn. a 

From the angles a and a «e have the velocity of the wheel 

y am,(i8— o) \«n. (• — fi)/ 
«Bd the velocity of entrance of the water e tm -: — * , ; and from 

Mn« (/5 — a) 

o 

this we have the sectiom^ areas I'm -^ and jP, * ^. 

e e 

The width of the wheel, or length of the buckets measured 
radially, must be made in suitable proportion (as small as possible), 

VOL. n. — 25 
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In tlie turbines hitherto 



made • ■» 0,8 to 0,4. Ihia being done, ire bsvs : 
F— S K r <i tm. • ■■ 2 » . * r* nn. • 



"Ji 



and, therefore, r ^ 1^ ; — ^ — , and <J b * r. 



If ire further assniue a proportion + ■■ ^ of the width of the orifice 

a 

measwred at the mean eircnmfereooe of the wlteel to the tanct^ of 

the buckets (in existing turbines this is }), ve have e^^a, and, 

hence, the number of bocketo »— 2"r»t». a ^^ ^^ ]^^^^ ^f 

the wheel b is made about the same as the width d. 
§ 170. Oonatruetion of the BvclceU. — The buckets are snrfiices 

of double curvature, the generatrix of wluch passes, on the one hand, 

through the axis at right angles, and on the other through a leading 
line which we may suppose drawn on a 
Fie. 3''9- cylinder of the mean radius r. As by 

developing a cylinder as a plane^ a 
reotangolar sniface is produced, lines 
may be drawn on this surface, whioh, 
when the right anele is round the cylin- 
der, will serve as the leading line for the 
bu(^et surfaces. These developed lead- 
ing lines may, however, be constructed 
ofaros and their tangents. If ELt ^^ 
279, be the deTcloped circle, in which 
the wheel and gmde-curve apparatus 

meet, the line Ain> of the goide-enrve, nay bo fswad by making 

AA^ •■ —^, and by drawing AN, A^N^ . . . , so that the angle of 

inclination, NAL » If^AiL ...mo. Agun, let faU J-0 perpen- 
dicular to A^N^. Draw a line parallel to KL at a distanoe eqiul 
to the height of the guide-curves. From the point where the 
perpmdicmar AO intersects this line, desoribs the are iV,i>,, and 
similarly, from another point 0, the arc ND, Sto. &o., then AND, 
AJf^£^ are the deveioped guide lines of the guide-curves. Tv 
find the snide lines of the wh«!»I buckets, draw at the distanoe 
SL » b the height of the wheel, the line J?9 parallel to KL, mwk« 
ES^^ t^, and draw the straight lines EB, E^B„ fcc, so dtat 

the angle BE<} » B^E^ Cf becomes equal to the angle of dis^nrge t. 
Again, let fall E^B perpendiciriar to BE, and lay off ABf so thai 

the angle ABC^ ^-^- ^y lastly, from the centre Jf of the tine 

AB, there be rsised the perpendicular MC, this cuts BT at the 
centre C ot the arc AB, forming the upper part of the devel<^>ed 



Side line of a i^heel backet^ wfaflst t&e itraigbt lihes SJBy BJB^^ AicV 
rm tibe lower part. 

It 19 evident tbat ihui oonstmetion of the guide and wbeel onrvesy 
inmiree that water leavefl them with the seotionB AN^ and BE^ re-* 
spectiTelj. 

Exavnfk, It is required to pv% the laadiog dimensioos and piop o rtiOPi of a Jonvars 
turbine Ibr a Dill of 13 feel in height, with 8 oabic feet of water per eeoond. Aseoming 
tiKdO^, and ^oB 105^, we hare fi» the angle of (be gnU^curvee : 

Mig. « flB 6oeg. f X JL «. eotg. IDS* J L-. «. ^ 0,26795 + 9,92380 «- 2,65585, 

tin, I $m. 20^ 

indt^entee* «iei20^ 38^. A«oming (ik0,15, and siK0,10,the best Tekoityfiyr the 

^bf^: • _ 

2^ 8.02 v/12 



J 






27 78 

* ■■ 19,38 feet, and flom this we have the velocity of entrance : 



.V^0M7 



c— ,^T!^^ » 18,77 fbet 



The seotioos F«ia^«B^B:0,4262 square feet,andi',iK^iK-iLiK0,4127 
tt^uvtv leel, »iid >f we take the ratio ysis^Mi}, the mean radaus: 

rtm rZZH mm /i ■ ^.'^^^^a ^Z^ 0t7598 feet, and the width of wheel 
^2irvnn.m sf } w tin, 20^, 38^ 

7598 
da* V . r ■■ * I I IK 0,2532 Ibet Fiom the space oocapied by the buckets, each of 

3 

these oaleidated ifimensions should be somewhat increaeed. 
• TlM width oi the ehanneU ««■ } das 0,1266 feet, and .*. « the number of buckets 

mi£m— BzlH!!? jM?!^a«18,29,ferwhkh we may, however, adopt 16. 

d« 0,2632.0,1266 0,032 ^ ' 

The height of the wheiel 6 is made «■ das 0^2532. The radius of the reservoir may 
heiuadft somewhat gieater thanr^- 1 m 0,7598 + 0,1266 «k 0,8864, or abom 1 foot, 

«U9^be9p9 the area of it will be v ^ 9»1415 tquare feet The vekwity : 

IP, M ~ IK ■ ? . ■* 2,546 feet, and the height doe to this vekMiiy : 
' w 3,1416 
x^ 0,0165 . 2,546^1^0,1006 ftet The effeet of ihig wheel, when the sluice is com- 
fpi«taff dmwa, wmiU be: 

' X-.(*-[e^+a^«+(2e.fci.iy + t^'].l)Qy 

^ a«i— ^0.15 . 18,77« + 040 . 19,38» + (2 . 19,38 sin, I0<»)t + 2,546^ . 0,0155) 8 . 62,5 
^(V2^ 103,66 . 0,0155) . 500 «■ 10,39 X 2^>" 9195 it Ibs^"* M >K>rse power. 
The kiiMseredtoetin the reservoir would ledaee thislo4800aibs^eotfaat theeffioiency 
y/rqM bo something neaf 0,80 ; |br as llie power expeodod it 62,5 x S X 12 aAdOOO (L 
lbs- 4800-f> 6000^1 ,80. These calonlatkms are for Engliih measures. 

1 171. JKajMTMiefite on Fantaine'$ and J&nvdT^ g Vr i m at.— Very 
troetworthy ezperimenta on theee wheels are detailed in the 
""Om^ fteBdaei de rAead6ni0 dee Scteneea k Paria, 1846." 
There: itfe alio some earlii^ experime&ta bj MM. Alcaa and 
OrpiiYeUe. (&« Bulletin de la Soci^t^ d'Enoonragement, tome xliv.") 

These experimente diow that in Fontaine's torbines, as in Fonr- 
n^yi^e^ the efficieney is greatest when the slniee is qnite drawn 
nj^ i^ that the effioiency is less aflfeeted by variations of heady 
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thftn by vtriatioiis in the qnantiiy of water sapjpIieS. The turBind 
at Yadenej, near Chalonfl-sur-Mame, the effieienej of which wad 
determined bj Alean and GrouTelle, has 1,6 metres (5,91 feet) ex- 
ternal diameter, 0,12 metres (nearly 6 inches) in height, the tfSl 
was 5} feet, the quantity of water abont 98 gallons p^ second. 
The principal result of this experiment was that for tc m 80 to 60 
per minute, the efficiency was 0,67. One of Foumeyron's wheels 
of an early date, made for the same Ml, gave if >«■ 0,00. Morin*8 
experiments were made on a turbine for a powder mill, at Boudiet. 
The diameter was 1,2 metres, the width 0,25 metres. There were 
24 guide-curves and 58 wheel buckets. It had a fall of about 12 
metres, and 6 cubic feet per second supply. Experiments were 
made with 2, 8, and 4 inches of the sluice drawn, and the foHowins 
results obtained. Sluice quite open u as 45, the efficiency a maxi- 
mum, and IK 0,69 to 0,70. 

When the sluice was shut so as to reduce the expenditure by |, 
If was reduced to 0,57. The efficiency raried little with the Telocity 
of the wheel, for when making 85 rerolutions per minute, if was still 
mm 0,64^ and for 55 revolutions, 17 » 66. It appears, too, that the 
greatest poWer exerted, and at which the wheel moved irregulariy, 
was about 1} times that with which the wheel produced its maximum 
effect. The wheel was a few inches in back Water during the ex- 
periments. We see from these experiments, that Fontaine's turbine 
may be considered among the first-class of hydraulic wheels. The 
circumstance of the pivot being out of water is an advantage (though 
obtained at considerable expense, and by a method inapplicable to 
large machines). The ^'graissage atmosph^rique'* of Decker and 
Laurent accomplishes the same end, the lower end of the upright 
shaft beinff surrounded by a bell, analogous to a diving-bell, which 
revolves with it. The air in the bell is kept of the necessary den- 
sity by a small air-pump. 

§ 172. JonvatB Tui^ines. — The experiments on Jonvars tui^ 
bines gave equally favorable results as those on Fontaine's. Messrs. 
KSchlin and Co. have detailed experiments on one constructed by 
them at Miihlhausen, in the ^^ Bulletin de la Socitfttf Indnstr. de 
Mulhause, 1844.^' This turbine was 8,1 feet in diameter^ 8 inches 
high. It was placed 2' — 8'' under the surfSftoe of the water in die 
lead, the fall being, however, 5} feet, and the supply being 125 
gallons per second. The efficiency for u a* 78 to ^5 per minute 
was 0,75 to 0,90. Morin considers, however, that the quantity of 
supply was reckoned too low, and that, therefore, this high efficiency 
must be reduced from 0,68 to 0,71/ 

Colonel Morin made experiments with a turbine of 0,81 metres 
external diameter, 0,12 metres internal width, 18 buckets^ faH 5| 
feet^ supply 45 to 65 gallons per second. Morin comes to th^ M^ 
lowing conclusions from all his experiments. In the normal statey 
t^e water having impeded entrance and exit, tiie number at iNm>Iu- 
tions was 90 per minute and ^iw 0,72. By putting contracting 
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pieoes on the^whed, th^e effioieiioy did not become oivoh lest (O^^S) 
imtil the settioa was very eonsiderably dimiiushed* 

The efficieiicy did net vary for Tamtienfl of yeletitY 25 per eent.^ 
aboTe and bebw that for the waxininTn effeet. By ^pressing the 
Awty the efficiency was diminished, so that it is evidently a very in^ 
porfeel regukftar for the wheeL When the section ct the aperture 
fear the discharge of the water was reduced to 0,4 of that for the 
nor&Md ccmdition, i^ ^^ reduced to 0,625. 

Bedtenbacher gives some experin^ente on a turbine of Jonval's^ 
the maximum e&iency for the shiice fully drawn having been 
m 0,62. As in the case of Foumeyron's turbines, these ezperi" 
ments indicate that the wheel working without load makes about 
twice ae many revolutions as when furnishing its maximum effect in- 
its normal state. 

§ 178. Campartmm of different Turbine$ mth each other.'^If we 
compare the turbines of Fontaine and Jonval with those of Four- 
neyron, we find that in Fontaine's turbines the water is less deviated 
from its original direction of motion than in Foumeyron's^ so that* 
for the same velocity of entrance the resistance is lees in the on0 
than in the other. Thus the velocity of entrance in Fontaine's 
wheel may be made greater, and, therefore, the wheel may be made 
less in diameter thMi Foumeyron's. The guide-curves of Fontaine'v 
wheels take on the water in more nearly parallel layers than they 
do in Foumeyron's wheels, where a divergence of the stream enter-* 
ing the wheel cannot possibly be avoided. 

On the other hand, Foumeyron's wheels have certain advantages. 
The pressure on the piTOt is reduced to the wekiht of the machine 
in XMtion ; whilst in Fontaine's, the whole weight iff water is home 
by the pivot, thus involving greater friction, eeeterie paribue. Again, 
in Foiimeyron's turbines, we particles of water move with the same 
vekmty or rotatiim, which ia not the eaee in the newer turbine, in 
wUch the ▼^o^^ of ^^ o^^' particles is much greater than that 
€{ the inner, tijus gives rise to edd^^ motions, consuming me^ 
chanical eflbct, and causing irregularities in the motion of the wateo 
through the wheeL The turbine of Foumeyron is also more easily 
constrasted than the* of Fontaine, particularly the backets, 

JUmmrh 1. The Fontaine infbines aie well adapted fat Hdt i wtf h . 

Bmark 2. Jaav«l*s tviUnee are eontldered to jm e n t advmiiiget in fetpeot of tbeir 
being piaoed eo that the^ can be easily got at The limit at which they may be place<I 
abore the tail-roce has bisen already pointed ont to be 34 fbet: but from experiments of 
M, Maraaean, and from oeriain theoretical eonsideratioDS of Morin, it appears that th^ 
height of the turbine above the water in the laoe most not exeaed even lower linrita 
than the afaoire, beoauoe otherwise, the watar is Yeiy apt to j^ft its eontinni^ imme- 
diately under the wheel, and thus ^§d is lost 

§ 174. Oemfarieon between Twbiiiee and other Wat€r Wheek.-^ 
Turbines, from their nature, are applicable to falls of any height, 
from 1 te 600 feet. Vertical water wheels are limited in th«r 
applicatiene to falls onder 60 feet as the highest. The elBcieney of 
tBrbmea for very high feUs is less than for smaller falls, on account 
of the hydraulic resistances involved, and which increase as the 

26* 
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square of ihi nelodty. Vertical w»ter wheeh haVing from 20 to 4(y 
feet fall, giye a greater effieiencj than any turbine* Feriaila of 
firom 10 to 20 feet, they may be oonsidered aa being Terf nearly on 
a par in point of efficiency ; and, for Tery low falls, turbines ^ve a 
higher efficiency than any rertioal wheel that eould be substituted 
for them. Poncelet's wheels, for falls of from Sto6 feet^ aro on a 
par with turbines, but only within these limits. Turbinee are un- 
affected by back-water, whilst vertical wheels lose effect m Mb 
condition. Variations in supply of water afiect the effidenoy of 
vertical water wheels less than they do that of turbines. This 
gives the vertical water wheel an hydraulic economical advantage, 
which is in some cases of great importance. When water becomes 
scarce, the best effect from what is available may always be de- 
pended upon from a good vertical wheel, whilst die turbine falls off 
m efficiency as its sluice is lowered, from causes which in our dis- 
cussion of the theory of turbines we have fully explained. 

§ 175. Variations of velocity on either side of the normal con- 
ditions, have the same result in the two kinds of wheels, but the 
turbines have a decided advantage, in that they make a greater 
number of revolutions per minute than any vertical wheels. The 
velocity of rotation is limited to from 4 to 8 feet per second, 
whilst in turbines this velocity, having a certain ratio to the height 
of fall, is generally much greater. The application of water to ope^ 
rations requiring great velocity, is, therefore, most advantageously 
made by turbines ; whilst for operations requiring slow motions, the 
vertical wheel is to be preferred. It is a question of practical dis- 
cretion, to decide as to whether it is better to reduce the velocity 
of turbines, or to raise the velocity of vertical wheels by means of 
the gearing that is to transmit their water-power to the work to be 
done. 

For variable resistances, such as rolling mills, forge hammers^ 
Ac., the vertical wheel is oertainly to be preferred, beeuse its great 
mass serves better for regulating the motion than the. smaller Par* 
bine, which for such work requires the addition of a fly-wheel* 

In respect to economy of construotion, turbines are at least as 
cheap as vertical wheels. When the fiUl is considerable and the 
quantitv of water great, the turbine is the cheaper machine of ^e 
two. The turbine almost necessarily involves the use of iron in its 
construction, and hence cannot always be adopted. The durabil^Jr, 
or the maintenance of a turbine, is probably less than that of a 
vertical wheel, cmterii paribus. 

In respect to workmanship, it is manifest that the ffuide-eurve 
turbines require greater shUL than vertical water wheels do for their 
construction, with the same relative d^ree of perfection. Also, 
deviation from the scientific rules for their construction is of much 
more prejudicial consequence for turbines, than in the case of vertioal 
wheels. This latter circnmstanoe is the cause of the failure of many 
of the turbines that have been erected, and opeirates against tlmr 
more general introduction* 
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' ^TorbiBW, it mint be borne in wind, require eiwn inter to be Jatd 
«•, for the; voold be greatly dsHBged hj sand, mud, lesres, branches, 
ioe, be., jiamog throu^ them, and their effieiency lessened. This 
is net the case with vertioal wheds. 

§176. Tmiiju* witk Soritont<U Axit. — Sxamj^eB of distorted 
■UMiaitT hare been di^lajed in.putting turbines, particularly Jon- 
vm'e sna Whitelaire', on boriiontal axes. This mode of oonstmc- 
taoa can oerer be adruitageons, though it may bare some local 
oonTeoienoersnegesting its adoption. 

JoDTal and Redten^ber have proposed the arrangement shown 
in f^. 280. Where .^ is the lead pipe, SB the one, and £,£, 

Fig. 380. 



the Mber irheel, CC. the horizontal axis, and DD and I>D^ the 
jtrititing-ringB (Vol. II. $ 151), E and E, being the tul-race. 

A throttle valve in the main or lead pipe is the means of regulation. 
Hen- Schiramknig, of Freyberg, has recently erected a vertical 
irheel, Vorking on the principle of 
Fir- 981. the presauro turbine. The wheel is 

like one of Foncelet's, but the water 
is introduced on the inside by a pipe, 
BO that it flows tbro^h the wheel 
near the bottom of it. Fig. 281 shows 
. the arrangement adopted. 

The guide-curvefi DE, D^E, are 
movable on centres, and serve to i^egn- 
late the disohar^ of water. This , 
construction has advantages in respect 
of the wheel being little exposed to 
the action of the water, and as the 
water aots on a very smalt are, the wheel must bare a greater 
diameter than a turbine, and hence in cases where slow motion is 
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Teqnired, may do away with the oecowit; pf mtenaedwta gear for 
redncing speed. Bnt snch a wheel wonld neoessarily be mote eoKtij 
than a turbine, and its efficiency would certainly be leu. 

The same principle might be applied, ae shown is elevation in 
Fig. 282, to a Fontaine's turbine, goch a maohine ia applicable for 
all falls, bnt never advantageonflly. 

Before concluding this subject, we may add that Poncelet'a tur- 
bines have been quite recently applied in Switserland, under th« 
name of tangential wheels. 

Tig. 3^3. Fifl. 3Sa 



Fig. 288 represents a honEontal section of a part of one of these 
wheeb, and the mode of laying on the water. S ia the regulating 
slaice, in advance of which the lead is divided into three cnanneU 
by guide plates. The water ia discharged in the interior of the 
wheel in such manner that the pivot is protected from the water. 

[Mr. Ellwool Morrii, in the " JoDraal of the Franklin Inadnu." for Novombn, 1S43 
(iliird Mrict, vol. Jt., p. 303), in ducuning iho advanncM of Fmmwjron'i turbine*, 
make* the following teniarkt: "In conclanon, the chief poinu of sdvantagr pn>nii>«d 
bj the DM of urtriDea npoa lbs mill nau of tha Onitad SnlM, tatj be brieflj Himmed 
up M IbUowi : — 

1. They act with perfect uoeeM in baok-water. 

S. They are noi liable to obatructian (iom ice. 

3. Ther require but little gearing to gel up a hi|h velodty it the working point. 

4. Tbej' nw to Ddrantage eiery inob of falL 

5. They aip equally applicnble lo very hijth and nry low Uli. 
ft. They are equal in power lo the beil OTerihot wheel*. 

7. Thfy may *aiy greatly in velocity without ioiing power. 

8. They are very ooinpacl and oocapy bat linle room. 

9. They may be very accurately regnjated to an Udiform (peed, 

10. Tbey are perfectly aimpls, and not likely lo get out of order. 

1 1 . 7*hey are not rety eipCDiive. 

1 2. They are very durable. 

"Upon one account or another," be adda, " Iha intbine i> aupetior to all other water 
whe«l«, and conaequently muit be regarded ai the very beat hydraulic inoiora now known 
lo mechanica." — Am. En,] 

LUtrMtrt. The literature on tnrUne* bM of late yean beooma very e; 
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hkito klnady BMMiaa«d Mvenl ireaiiM* «itd p«p«n on die lobject. The JbllowiDg are 
•wne of liM in«r« Imponuit work* >- 

FoorDerroD'a ari^nnl paper appeared in the " BaUetiu da la 3odM d'EIncoanfement, 
18M." MoriD'* •Eipetimertal Inquiry," almdr quowd, fcllowed in 1838. In 1838, 
nmoalet pabHihed hie "Tb&irie dei Eflen micaniijoei de la Turbine Foameynm," in 
A*''CkMipm BandDM," and at ■ leparata inatbe.^ In D'AuboiaKxi'* "Hydnaliqae," 
Ibewibiiie i«tnat«dof,lii]tonl]r>upeiflciallj. In 1843, Combe* publiihcd,'>RaeheicbM 
(Morettqoea m experimentalea sui tea Bouei i reaction ou 1 tufaui," a iracl or coo- 
■tdemble importauee, bh it Ibr the Bm ilme recogntxes the neceaniy of taking inlo tan- 
lldcndon d>a hrdianlia Terittaneea, which Poncelet and Redtenbaofaer have neglaotad 
to da Redtenbacber'i work, "Tb^ie und Ban dn Tuibinen und VtmilalDten, Man- 
bcini, 1844," ii fbanded on Ponoelet'a theory, and a Ihe bMI and mMI complete work 
on the inbjact. On the newer inrbdnet, there appeara in the "Comptea Rendnea," tome 
»iii- 1S46, "Rappon nir un M^oire do M. M. A. Koecblin, concernant une nouvelle^ 
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CHAPTER VI. 

WATIR-raBSStTRB ZNOIHIB. 



±t loaded 
'flpretesHl 



§ 177. Wattr-Preatitre Mngiiut. — Wftter-presmre enginea, u 
their nams indicates, are let in motion hj a colnma of irater. ^eir 
motion is a reciprocating rectilinear 
Fig. SS4. motion, and not rotatory as in the tur- 

bine. The leading features of a water- 
presBare engine are delineated in Fig- 
284. ^ is a reserroir at the upper 
end of the pipe. JiB u the premttre 
pipe. C ie the working cylinder, in 
which the water moves the loaded 
pitton K. Ib ^ p^ BO, \ 
tlie pressure pipe comraunicati 
the cylinder, the regulating n 
oock la placed. It isliere repretestl 
as a three-way cock, serving altematel]^ 
to open and close the oommnnicatioB 
between the working cylinder and the 
preastire pipe. When the way is opea, 
the water presses on the pifiton, uul 
raises it, with its load, through a cei^ 
tain height — the UngUt of (frpl« — 
when the oommonieation betwsea tht 
jHvesnre pipe and the cylinder isafcntyil 
way a opened for the discha^e of i^ia 
water ftota the cylinder by Ae pipa J^ 
and the piston then descends by its own gravity. 

Water-preesnre engines are either ak%gU or double acting. .£%. 
284 shows the general arrutgement of tiie nngle'aeting eogine, iat 
which the piston is made to move in one direction by tne piuWiin 
of the water, and to retnm by its own weight. 

In the double-acting engine, the tip stroke and down stroke, er 
both strokes of the piston, are made tinder the hydraulic praHsare. 
Fig. 2&6 shows the general arrangement of a double-aoting fm^« 
Tm oock is in this ease a four^way oock. In I. the pressore is oa 
the upper ride of the piston through ABC, and the aiMhargct fgtm 
on through C^BJ). In II. the pressure is on the under side minf^ 
AB.C, d the pistoB, and the dischai^ tbroogh CBD. 

Water-pressure engines are also made with two Byliadcn, emdk 
single-acting, but eonnected together, as in Fig. 286, m that whik 
the one piston ia aaoending by the preasure t^ the vrater, ths other 
is descending, the water Irabg dndtarged therefrom. ISwrehtive 
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Mition of the pasMges in the fonr-wfty cock are shown in Fiea. 
^ and 287. 



i IW. Preatvre Pi^. — The pr«8Btire pipes shonld uk« the 
vater &«ni a feeding cistern or settung reservoir, in which the water 
ktf tane to deposit the foreign matters it may hare carried so far 
along with it. In frmt of ws a grating most be placed, to keep 
back leaves, ioe, ke. ke. 

The end of the pressare pipes should dip so as to be 1} foot, at 
Isast, ahore the bottom of the feed cistern, and S to 4 feet vnder 
the snrboe of the water in it, so as to prevent the influx of hearier 
pactielea, and to render the indranght of air imposaible. For this 
object the end of the pipe may be conrenientiy oarred with the 
meatli downwards, as shown in Fig. S88. Q being a valve for 
ibinBig off the water from the pipe B, iriwn required. J* ia a 
dirisiea plate in the cistam. & is a grating to keep baek floating 
bodies. The pressure {upes may be either ol wood or irsii, bat are 
wgatUj of the latter material, and made from ^ to ^ the internal 
disiiif*n of the workias cylinder. The p^M for great heads are 
made to increase ia thuwnsss ftma the top downwards proportionally 
t* the Tnamie. 3%a finwilat «» 0,0026 nd, + 0,66 inchea may 
he «sed fbr ealeidating the s tr eng th reaniied for any given preasore 
n in- atneapberesM 88 feet «C water; (^ h«Of the intwnid aiametw 
oftfaniiipss. Theisnrola givstt kycLLlaSS, ' 
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ordinary water conduits, bnt is inapplicable to the present case, 
becaaee the preasare of the v&ter here varies frequently, and even 
acts with impact, when the valres are suddenly closed. The pipes 



tanst be carefully proved by an hydraulic or Bramah press. The 
poroaity of pipes, which at first proving is very sensible, gradvally 
Decomes inBensible as oxidation goes on. In the case of the pipes 
for the pressure engine, at Huelgoat, described hereafter, boiled oil 
was used in proving the pipes, by which they become impreensted 
to a certain depth with the oil, and thus their porosity stopped, and 
even protection against corrosion insured. 

The pressure pipes are usually jointed by flanches and screw- 
bolts; a ring of lead, or of iron nut being interposed, as shown in 
Figs. 289 and 290. A mixture of lime water, linseed oil, vamist^ 

Fis- 389. Fig. 390. 



and chopped flax, makes a very good pipe-mint. The spigot sad 
faaoet Joint, witii folding wedges of wood, make the best and ^M«pest 
joint for cast iron pipes. 

§ 1T9. The Worlmg Oylinder.—'S^M working oylinder is made 
of cast iron or of gun metal. The nnnber of strokes is limitvd to 
from 8 to 6 per minute, so that there may be the leaat poesiUe loas 
of effect; and, therefore, the oapaeity of the cylinder is mada to 
depend rather on its length than its diameter. The stroke • is made 
from 8 to 6 times the diameter d of the cylinder. The raean:fdo< 
city V, of the piston, is asnaUy 1 foot per seoond, in order that the 
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tt^an Telocity tf, of the water in the pre68ure pipes, and hence ^he 

hydraulic resistances may be as small as possil^e. It is not adyisa- 

,ble in any case tq have the latter velocity greater than 10 feet per 

second, »nd 6 feet is a better limit. If we assume v «■ 1, and v^» 6 

feet, the quantity of water being : ^—r-^ » ^ ' \ we get for the 

4:4 

proportion of the diameter of the pressure pipe to that of the cylin- 
der, ^ - I- - II - 0,408, or about 0,4. 

If Q be the quantity of water supplied, per second, then for a 
double-acting engine, or for a double*cylinder engine, Q » ^L. . tr, 

and hence we have the diameter of the working cylinder required 

d« 11^-1,18 l-?,thatis,fart;»l,(i-l,18^^feet. For 

\ ft V \ V 

. a single-cylinder, single-acting engine, Qm | . __ c; .*. d «■ 1,60 



p , and if 9 ~ 1, d «- 1,60%/ Q feet.^ If the stroke of the piston 

wmSdto 6dj the time for one stroke of a single-acting engine is 

' ^ , • ... , , , , 

t mm -., or, if V «■ 1, ^ «■ « in seconds, and hence the' number of sin- 

gle strokes per minute: 

60^' 60.t^ , 1 60 

n, wm » .*. when t; « 1, n, « — , 

and the number of double strokes : 

n, 80v .- 1 ^ 80 
n^-^mn , or if v «- 1, M If — 

It is, however, better, in the case of a single acting, single cylinder, 
water-pressure engine, to begin the stroke- somewhat more slowly, 
or to cause the descent of the piston to take place mo)re rapidly than 
with the mean velocity, because the hydraulio resistances are greater 
for the working or up stroke, than for the return of the piston. 

The working cylinder must be accurately bored. The thickness 
of the metal is made greater than the usual rules of calculation indi- 
cate as enough, to compensate for wear^ and because of the shock 
at entrance of the water. The formula e ■■ 0,0025 nd + 1 will be 
foaad useful in guiding to the proper dimensions. The cylinder 
mi^ be strengthened by mouldings or ribs cast round it. 

The working cylinder is subject to a pressure in the direction 
opposite to that in which the piston moves, equal to the weight of a 
ediimn of water FhyjF being the area of the base, h the height, 
an4 y tiie weight of a cubic unit ; h being not unfrequently several 
handred feet, this pressure of the water is very considerable, and, 
heooe, the substructure on which the oylinder rests must be very 
etroag. ^ Water-pressure eagiaes are erected in. the shafts of mines 

VOL. II.— 26 
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for rsieing water, more freqnetttlv than in waj other pontion, and 

eaoDot, therefore, be placed oa the solid rock, or fooadatiMis laid 
thereon, bnt have to be sapported on croaa 
Ta. 391. beams or arohos of stone, or of iron. 

Sanark. Beaidm tbis prenure, Ab cjrlindei hu to w1d>> 
■■and > botizooMl preuure ia ifao diraolion oT ihs vmHr 
enmiug ii, and pioponkxial lo iu Mciion. Hw «fl«ct of 
thia Ulen obaervabla,be<su«e the pr«Hureacta at a point 
only B little above ihe bate of the cylindsr, and becBusa 
the pteunre pipe, wbich ij Brmly oonnecled whh tba 
cylinder, is eqtnllj preued in the oppoiile diractiaih Is 
any bend or knee piece JB, Fig. SSI, there ii a tMultani 
ptaamre CS^S, which may be put 
^P^iamFtkf .t/i, F, being the area of Ibe pipe 
and h the preMure h^hL 

§ 180. The Working Pitton, — The main piston which moves 
under the pressure of the water, consists essentially of a cylindrical 
disc fitting smoothly into the cylinder. To make this piston per- 
fectly tight, and at the same time not to cause thereby too great » 
resistance to motion, a packing (Fr. garniture; Ger. Liderung) of 
hemp, leather, or metal is applied, either on the piston, or in the 
cylinder, in which latter case the piston becomes what is termed a 
plunge or ram. The packing of the pistons of water-pressure en- 
gines is usually either leather or metalUc rings. They are adjusted 

Fig. 303. Fig. 393. 
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to a preunre proportional to the ooluna of water, bo tbat, on the 
one hand, no water may escape or ^^um, and on the other, that ther« 
nay be no nnaeoeeBary friction. The best packing that can be em- 
ployed, is that in whi^ the water itself presseB the leather or pack- 



mg.against the surface of the cylinder, or of the ram. The packing 
ifl mide so that it can be gradually compressed as it wears, by means 
of a ring fitting upon it, and a^nsted by screws. Fig. 292 is the 



piston of a water-pressure engine at Clansthal, in which the manner 
of kying in the packing is clearly represented. A is the piston, 
properly so called, and BB the piston rod, a a and 6 b are the pack- 
ing rings, and c c two fine channels communicating with the back 
of the packing b b. Other methods of packing we shall describe 
hereafter. 

For the plunger or ram, or Bramah pitton, the packing may like- 
wise be kept tight bydrostatically. A, Fig. 293, is the piston, B 
the cylinder, C the pressure pipe, DJ) the- packing or stuffing box, 
screwed on to the piston , a a a the packing ring, and b b the five 
channels of communication. This manner of 
keeping the packing tight is more applicable to ^s- ^^*- 

the case of a stnfiing box, than to the ordiaary 
piston. 

ft^urk. Tbe compicnod ring packing is also applied M the 
oompeitiBtian joints, whinh musl be introduced io the lengih 
of the pra«aute pipe. Fig. SS4 ibowi lucb a pipe, -^ being 
tbe enlBiged end or one pipe B, aocuralelf bored out, and reM- 
ing on (opportB CC; oa are pack ir^ ringioonipnawd byicrewa 
■nd Dut* on 10 the thiah«aed end of the upper pipe D. 

S 181. The Pitton Rod and Stuffing Box.— 
The piston rod goes either upwards or downwards 
to the open end, or through the cover of the 
cylinder. In the first case, it requires very little special arrange- 
ment, and may be, in fact is, frequently made of wood. In the 
second ease, it mnst go through a atuffinff box, must, therefore, be 
turned, and can only be made of iron or gun metal. The dimen- 
uons of the piston rod is to be calculated according to the received 
theory of the strength of materials. If <i be tbe diameter of the 
working cylinder, and p the pressure of the water, on each sqnare 
inch of die piston, the force J* ^ —— . p; and if (2, be the diameter 

of the piston rod, and K the modulus of strength of its material, 
>cd,' 
4 

we have zd^^d l-^. f is to be taken from the table in Vol. I. 
§ 186, aod p is given by the formula p » ^~. 

Tbe stuffing box (Fr. boUe d garniture; Ger. Stop/bUchie) is a 
box placed on the cylinder cover, so lined with leather or hempen 



rings, tbftt the piston rod, in passing tlu-ough it, h&s ft^dom to moTti,' 
But the passage is rendered water, or wr, or st^m tight, according 
to cirenmstances. For water-preasur« engineB, a leather packing is 
found to answer best. Fig. 2d5 shows the apparatus in question. 
AA is the piston rod, BB the Btnffing 
FiR soft. box, BaO its packing, DD the corer 

with the screws for compressing the 
packing. A erease cup is sunk in the' 
cover D, and kept filled with a grease 
composed of 6 parts hog's lard, 5 parts' 
tallow, and 1 part palm oil, or with pure 
olive oil, or neat's-foot oil. 

In the engine at Clansthal, oiling 
presses aro applied, having a soall pis- 
ton, worked by a weight, and which' 
forces the grease into t^e packing' 
tliroagh a fine tube communicating with the channels of a braas' 
ring, having a section of tBe I form, and round which the packing is 
lapped. 

§ 182. The Vttlvet. — The valves and their gear »e, as it irer^ 
the very heart of the water-pressure engine, for it is by them the; 
machine is made coatinuouely self-acting. The valves cover and 
nncover apertures for the admission and discharge of the water' 
from the cylinder, and these are worked so as to open and shot thft 
apertores alternately, by means of gear connected with moving parts 
m the engine, so that the engine is thereby made te^-aetmg. The: 
valvee are either eockt, or ilxding pitUma. The latter form is new 
generally adopted. 

The manoer of applying a cock as a valve has been already ex- 
plained, 80 that we shall now only farther describe the sliding pistoa. 
valves. The arrangement ofpiston valves for s single acting, single 
cylinder engine is shown in Figs. 296 and 297. E is the pressare 

Fig. see. Fig. 297. 



pipej C the working cylinder, B the valve cylinder, A the discharge 
pipe, f the piston valve, and X its counter pitton, which, by taking 
the equal and opposite pressure, renders the movement at the valves 



THE VALVE COCK. 805 

ator« eftsy. Wben, fts in Fig. 296, K is lowered, th« working cylin- 
der and presanre pipes ttre in commaoicatioD, and when, as in Fig. 
297, K is raised to the position £,, the communication between the 
pressure pipes and cylinder is shot, and the passage for discharge 
of water from the cylinder is open. In the dAvhlt-ading engine, or 
in the doable-cylinder engine, the slide pistons must he arranged as 
in Figs. 298 and 299. £i is the pressure pipe, G the pipe going 

Fiir. 99S. Fii, 290. 



to the top, and C, that going to the bottom of the working cylinder 
(or going respectively to the bottom of the two cylinders in the 
double-cylinder engine). A is the discharge pipe for the wutcr sup- 
plied by the first, and A^ that for the water supplied by the second. 
From Fig. 298, we see that, when the slide ralve is up, the pressure 
pipe is in communication with (7, and the discharee made through 
A, and when the slide pistons are lowered, as in Fig. 299, the com- 
munication is open to C\, and the used water discharged from Q by 
the pipe A,. 

§ 183. TA« Valve Cock. — The cock is used for smaller engines, 
as shown in Fig. SOO. ffff is the cock, BB its cover, K is the 
squared end on to which a lever for turning it fits, i> is a screw for 
raising or lowering the cock in its cover. The passages of the cock 
are made so as to suit the purposes to which it is applied, as we 
have explained above. 

In Fig. 300, a means of counteracting the effects of greater prea- 
flure coming on one side of the cock is shown; h b^ are two cuts on 
the cock, communicating with the passage a, by the openings e, c„ 
BO that a counter pressure is obtained, which, by proper adjustment 
of the parts, out out at b and b„ balance the diagonal pressure in 
the main passage. 

In order to equalize the wear of the cocks on all sides, Mr. Brer- 
del, of Freiberg, introduced the method of turning them round cor- 
tinuoosly in the same direction, instead of turning them backwards 
and forwards through only 90°. We shall see the application of 
this valve in a description of a water-pressure engine ereoted by M. 
Brendrel, in the sequel. 
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§ 184. Tht SUde-piaon Fa/tie.— The pktoiu ftre gentrall; mad« 
of Blips of leather, pl&oed ooe above the other, and olosely packed 



together, as ire have mentioned for the pacHng of the stuffing box 
in § 181. The engine at Haelgoat, wag origiDally made with cylin- 
drical slide yalves of enn metal. These lasted, withont r«pair, for 
seven years; but in 1839, the valves bavins worn loose, a depth of 
5 inches, consisting of 24 discs, or rings of leather pressed together 
and accurately tnmed down, was snbstitated. Reiebenbsoh made 
the cylinder valves of tin, and the engines in Bavaria, in moat reeeqt 
times, have had the valves made by a combination of leather and 
tin rings. 

At toe end of the stroke of the woi^ing piston, the ralve piston 
JiK (Fig. 301) rises, gradually shutting off the water from the 
' cylinder, bnt in gradually checking the flow of water in the ooorse 
' £0, the piston is pressed on one side, and this gives rise to a very 
rapid wear. To prevent this, the end of the pipe OD commnoieat- 
ing with the working cylinder is carried quite round the valve cylin- 
' der, BO that it incloses it, and the water then presses eqndly on 
every side of the piston, as it moves up and down. The packing 
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MiffiBn by this amngcment, as it hka room to expand at tbJs point, 
and has to be compressed as it passes into the cylinder above or 
below it On this account the sap- 
ply of water to the cylinder is carried FIr. 3ob, 
tbrovgh a series of openings, as 
shown in the horizontal section in 
Fig. 802. The objection to this 
arrangement is, that it increases the 
hydraulic resistaDces. The form of 
the valve piston £ is of great im- 
portance. The commnnication be- 
tween O and ^ must not be sud- 
denly opened or Bhut, bo that the column of water, in motion, mny 
not be suddenly brought to rest ; for tbU acts violently on the engine, 
on the same principle as is more fully developed in the BO-called 
hi/drai^ ram. The gradual opening 
of the communication may be managed ^v- 303. 
by giving the piston a particular form. 
We shall hereafter show how a slow mo- 
tion of the valve piston is effected, and 
in the mean time point out, that, by 
nving a conical shape to the head, or 
tnat part of the pbton which begins 
the closing of the polity a ring-formed 
opening is made oetween and E, 
which is gradually diminbhed aa the 
piston ascends, until it is finally closed. 
Besides this arrangement, the top of 
the slide piston is perforated by slits 
that gradually diminiBh, but leave a 
narrow communication between (7 and 
Ey even when the ring-formed opening 
above mentioned is quite closed, bo that 
the passage is not perfectly closed un- 
til the slide-piston stroke is completed. 
This system of coning oat the top, and * 
perforating the upper part of the pis- 
ton proper, is applied in the Clanstnal 
water-pressure engine. 

% 185. The Valve ffear.— The gear 
for moving the valves of water-pressure 
engines is generally complicated, more 
so, for instance, than in the steam en- 
^e, because water is practically an 
ineompreseible fluid, exerting no pres- 
sure when cut off from the pressure column. When the piston K, 
Fig. 808, in ascending, cuts off the preesure column from the work- 
ing cylinder 0, then either the motion of the working piston ceases, 
or, IB virtue of its vii viva, it moves away from the water in the 
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cylinder, as this has no expansive capability. Bnt this formatioB 
of a vacuum under the piston mitst be carefully avoided, and, tfaer»- 
fore, the valve piston should begin to riae, while the main pistOD 
stroke is still nnfinished, and thus the ou viva of all the parts ooD- 
nected with it is gradually destroyed by the gradual cutting off of 
the pressure column. But although the stroke of the piston is com- 
pleted as the slide valve closes the commuaication, the motion of the 
slides must not stop here. The water in the working cylinder must 
now be discharged. The valve must rise somewhat higher, in order 
to open the orifice of discharge. Hence it is not pouible to work 
the valve gear (^iVecC/y from the moving parts of the engine, for then 
the motion of both would cease simultaneously. Intermediate ffear 
must be introduced, by which the motion of the valve piston is con- 
tinued after the working piston has come to rest. This gear may 
be worked either by weights, raised by the piston in its ascent, and 
let fall at a. particular part of the course, or by springs, bent during 
the motion of the piston, and disengaged at the end of the stroke, 
or by a subsidiary engine regulated by the main engine, but whose 
working piston moves the valves of the mtun engine. The gear of 
water engines is, therefore, either cowUer-balance gear, spring gear, 
or wcUer-preMure gear. 

§ 186. Counter-balance Gear. — This gear was the first employed, 
and is now found only as the older water-pressure engines, under the 
name offaU bob, valve hammer, and other names. The principle of 
the different systems is always the same. They are essentially a 
heavy weight raised by the working pbton, and suddenly let go to 
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irork the eocka, or T&lves, by meuis of linked levea. We shall here. 
dMoribe only two of these arrangements. The Bm»11 engine in the 
FfioKBtwiefle mine, near Ems, has gear connected with a pendulum 
Or nil boh, moving two pistoofi S and T, lying horiiontally under 
the vwking cylinder K, Fig. 804. The peooulnm Bwings on aa 

Fifr 30S. 
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axis (7, and consists of a heavv bob (7, and two fork-like springs FD^ 
and i^,l>i, carrying a cross head DBD^j haying a projecting piece 
By in the centre, passing between two small rollers on the valve rod* 
The bob is raised so as to exceed the summit of its arc, by means of 
link work CHNMLR^ connected with the ram of the engine at JS. 
Motion is not communicated from the axis of the pendulum C> but 
by means of an arm (70, on a separate axis, and forming a sin^e 
bent lever with CH^ and which pushes out the springs FD and F^. 
alternately, so far that the bob G is brought beyond the position of 
stable equilibrium, and in its fall gives the valve rod the requisite 
extra push to right or left. At the commencement of the stroke of 
the working piston, the whole apparatus has necessarily a very slow 
motion. The coming into play of the arm (70, on the one or other 
spring, should only take place when the stroke is nearly completed, 
that, as the valve piston gradually advances, the retarded motion of 
the working piston may begin. 

It is easy to perceive from our figure, how the pressure water is 
introduced into the cylinder, and discharged from it at the end of 
the stroke. When the piston S is in the orifice Aj the pressure 
water from F enters by the opposite orifice into the cylinder ; but 
if S be in the orifice next J?, so that the orifice A is open to the 
cylinder, then the water that has raised the ram discharges into the 
waste-course at A. 

Bemark. This little engine has 60 feet fall, 4 feet stroke, !{ foot diameter working 
cylinder, and made (in 1839) 1 stroke in 65 seconds. 

§ 187. The Valve Rammer. — The arrangement of the valve ham- 
mer, is well illustrated by that on the water engine at Bleiberg, in 
Karinthia, and which is lully described in 0-er%tner^9 ^^ Mechanics." 
Fig. 305 shows this arrangement in plan and elevation. A and A^ 
are the rods of the working pistons, BDB^ is a balance beam con- 
nected by chains and counter-chains with the rods. The valve ham- 
mer Q-y and its wheel FF^y on the horizontal axis JIf, is connected 
with the balance beam by another set of chains FK and F^K^ An 
attentive consideration of the figure shows that the reciprocating 
motion of the piston rods raises the hammer, and lets it fall without 
hindrance from the balance beam or chains. On the fall of the 
valve-hammer wheel, there are two catches!, a and a,, which, when 
the hammer falls, catch upon a projection on the horizontal rod LL^* 
This rod LL has two nobs c <?„ into which the handles or keys of the 
cocks, K and K^ are set, so that the cocks turn through an angle of 
90^, when the hammer in its fall forces the bolt 6, by means of the 
catches a and a^ to the right or left. This method of moving the 
cocks is necessarily sudden, and gives rise to violent shocks, so 
that it is only applicable to small machines, or those having moderate 
falls. 

The cocks have a passage, or are bored through the axis, and 
through the side. Through the former the pressure water enters 
by knee pieces and 0^ into the barrel-shaped bottom pieces N 
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•sod If^ at the bottom of the working oylindera ; and tbrongh th« 
mde passage, the pressure water is brought to the cock from the 
cylinder. In order that only as much water m&j be nsed as is 
necessary to fill the space passed through by the working piston, the 
discharge is made to take place under water into special reservoirs 
■Tand W,. 

Stmark. The engine now defcribed hag a tall oC SHO Teet, itmke 6t fe^I, cylinder 7 
inolie* diameter, S girakra per minuie, II is in inHn/ miipcu nn iinperlecl en|;inei but 
H ia ecoDomiollr adaplHl id iu poeition. We bave iiol onljr lo iDnaiiler mecbnnicHl 
paftoion in iho uonalracrioo of engine! in neneral, bui we hsve lo weiifb well the cU- 
cumamnces in which the engine is to work, the fauilitie* Tor repair in ibe panicular 
locality, and the relslive supply and demand for the water power. 

§ 188. Auxiliary Water-Engine Valve Gear. — No application of 
spring-valve gear has been made ; but the method of using an 
auxiliary water engine is now come into very general use. The 

fenerat arrangement of such an auxiliary engine gear is shown in 
ig. S06, as applied to the great water-pressure engine in the Jjeo- 

Fig.306. 



. pold abaft, near Chemnits. This engine has two cylinders, C and 
0,; E is IJie pressure pipe, A the discharge pipe, Sths main cock, 
Jl a quadrant key fastened on the cock. The auxiliary engine has 
a horiEOotal cylinder a a„ with a piston b on the piston rod c c,. 
The piston rod is connected with the valve rod d d^ by cross pieces, 
so that the two united form a rectangular frame. The valve rod is 
connected with the quadrant by two chains, so that the reciprocating 
motion of the piston b commnnioates a rotary motion of 90° to the 
cock. The auxiliary engine is worked by means of the cock A h^ 

^ lying horisontaUy, with two bora, or passages, as in the case of tho 
'main cock ff. The little pipe e communicating with the pressure 
pipe S, takes the pressure water to the cock A h^, from which it . 
passes through the pipes //, to one side or the other of the piston 
o, so that it is moved backwards and forwards, the water used in 
each alternate stroke being discharged by the other passage is the 
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cock, and thence by a pipe from k. The small cock h A, is tumeJ 
by the double-handled key g g, connected by slender chains to a 
donble-armed lexer parallel to it, and which is on the same axis as 
the balance beam to which the piston rods of the two cylindera' ai'e 

Fig. Ml. 



attached. The whole play of the ralre gear is now evident. While 
the working piston rises and the other descends, the ttock & i, n 
'turned by the lerer or key'jr g-t, tfans the oomntiiBieation tntween 
the water and the cylinder a a, is opened or shot, «id thas p*w«r 
is obtained for bringing the piMon h, and the cock B. into ft* 
opposite position, so that the first working cylinder is oow akiit 
off irom the pressure pipe, and the seoond put in comms&ieatiok 
with it. 

Ktmmk. Tfaa engine in the Leopold ibaft bu ItO feei All (Aattrnn msunre)^ i ft«t 
stroke, 11 inch dianieler of cylinder j eub pu«Ml makea 3 KrokM par minDMk 

g 189. The working of the raWes (Fig. 808) by neitas of an 
anxiliary engine, is well illitstrated by that of the donble-actlbg,,. 
water-pressure engine at Ebenseo, in Salzburg ; tbe aiutiliary engine 
being, in this case, an exact model of the working engine. OO^ is 
the cylinder of the principal engine, and (tc, that of tbe anxiliary. 
K IB the piston of the one, and It that of tbe other cylinder. 8 and 
S^ are the rajre pistons of the woi^ing, and • and i, those of Ac 
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snxQimrj engine. XE^ (^>K- ^08) is the mftin pranore pipe, aad 
e e, tbe pipe commanic&dng with tbe ftaxilisry engine. Lastlj , ^ 
and ^, are the orifices of discharge of the main, and a a^ those of 
the aoxiliarj engine. Thus the one engine is an exact eounterpart 



of the other, tbe dimensiooB beinz, howerer, very different in tbe 
two. The valve gear of the aitxiliarj engine consists in tbe canti- 
lerer BJ) attaohed to the main piston rod at i>->-of the ralve pistim 
rod ff a, connected by tbe link fg to the rod / I„ on which there are 
two stnds placed, so that the lever DB catches npon them a little 
before tbe end of the np and down strokes, respectively, of the main 
piston, and thas the valve piston is moved. It is easy to traoe how 
thu BwtioD admits tbe pressure water alternately above and below 
tbe pistoft' JT, BO as to raise or depress the valve pistons k S, 8, 
giving theirequiredi alternation of admisaion of tbe pressure water 
above and below the mwn piston K. 

a cillDder of 9} inohe* diunpli 
lile,HCiing pui);ipa, ,, 

•• § IdO. Tke V(dv«- Cylinder. — In the larger engines of recent 
diate, tbe valve pistons of the main cylinder are ioelosed in the same 
pipe, «T cylinder, as tbe piston of tbe anxiliary engine ; and in some 
engines tbe counter-pressure valve, or piston balancing the pressure 
VOL. u. — 27 
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on the valve, ii the working piston of the aiucilivy engine, and Ana 
great Bimplicity of conatrnction ii attained. 

Fig. 309 shoira a simple arrangement adopted in two enginea ia 
the Freiberg mining district. S is the main piston valve, and Cf< 
the counter- pressure piston, C an intermediate pipe commnnicatiQg 
with the main cylinder, E the entrance for the pressure water, ana 
A the orifice ot discharge for the water used, e is the communica- 
tion with the valve of the auxiliary engine, which in this caae is a 
cock. The piaton G ia larger than S, and, therefore, the valve 

Fig. 309. Pig. 310. 



apparatus S O- descends, when the preSBore is admitted from above 
at e, and ascends when the presenre water is eot <Ai at e, and the 
presanre acts underneath. For each stroke there is a cenmmp- 
tion of a certain quantity of water for the valves, which is lost for 
useful effect. This amounts to the contents of the apace paued 
through in the up or down stroke. In the construction, now anekr 
consideration, this is not so little as in eome others, for the pistMi 
G mnst have, at least, one and a half tines the area of the pmton 
S, the sectional area of which is the same, ot eren greato- than that 
of the pressnre pipe. 
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The system of valyes shown in Fig. 810, is that of the Clansthal 
engine, and here the waste of water is less than in the last men* 
tioned system. For there are three pistons; namely: the main 
rahee piston AKy the connter piston Q-^ and the auxiliary piston JT; 
the fatter being somewhat less in area than the former. The water 
Ss brought into the valre cylinder by the pipe e, and the reverse 
motion of the piston is effected by a small cock through which the 
water enters before coming into e, and through which, also, when 
the revolution is completed, it is let off. The cock is moved by link 
work, by means of a tap on the main piston rod. 

JZonofifc. The engines at Glausthal have 612 feet fall, diameter of cylinder 16^ inches, 
stroke 6 feet, and make 4 strokes per minute. 

§ 191. Saxon Water^Pres9ure Engine. — The arrangement and 
motions of a double cylinder water-pressure engine may be clearly 
understood by a study of a sectional view of the engine, erected in 
the Alte Mordgrube, near Freyberg, in Saxony, delineated in Fig. 
811. CK and O^K^ are the two working cylinders, f and JT, being 
the working pistons, S and T are the two valve pistons, W is the 
auxiliary piston, and S^^ 2\ and W^ are the points in the valve 
cylinder ATW^ at which the pistons are for the return stroke of 
the working pistons. JE is the entrance of the pressure pipe JE^JE 
into the valve cylinder, OS is the intermediate pipe communicating 
with the one, and O^T the pipe communicating with the other work- 
ing cylinder. A is the orifice of discharge of the one, and A^ that 
of the other (this latter orifice is nearly covered by the piston rod 
in the drawing). The two piston rods BK and B^K^ are connected 
by a balance beam (not shown in the figure), so that as the one piston 
ascends the other descends. It is hence easy to perceive, that, for 
the lower position of the valve piston, here represented, the pressure 
water takes the course JES.Cj driving the piston f upwards, and 
that the piston jBT, is pushed downwards, the used water taking the 
course O^T^A^ to the discharge orifice A^. 

The auxiliary valve consists of a four-way cock h (already de- 
scribed) shown at I. in the second position, and external elevation 
at II. This cock gives passage between the pipe e e^ and the pres- 
sure pipe, and between g h and the valve cylinder. 

It is evident that in the one position of A, the pressure water 
takes the course Ile^ ehg W, and presses down the auxiliary piston 
W^ whilst for the second position of A, th^ pressure water is shut 
off from W, and hence the ascent of the valve piston system STW, 
the return of the valve water through g A, and its discharge at a a^ 
can take place* That the valve piston system ma^ rise when the 
water is shut off from TT, and may descend when it is let on, it is 
MeeKMury that the piston iT, pressed upwards by the pressure water, 
skoild hare a greater sectional area than the piston /S> which is 
pXBsaed downwurds by the pressure water; and also, the auxiliary 
piston must have sufficient area that the water pressure, or W and 
S together, may exceed the opposite pressure on T. 
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The yalye gear of this machine is composed of a ratchet wheel r, 
a catch rkjS. rod k A, and a hent lever A cf with its friction wheel 
fj and the two wedge-formed pieces m m^ set on each piston rod. 
The catch r it is connected with the axis of the cock, and is held 
bra small balance .weight } in its place on the ratchet wheel. 
Wlim the jdston JThas reached nearly the end of its stookey the 
wedge m (or m^) passes under the friction wheel, and turns the leyer 
/c & to a certain extent, so that the rod A A: is drawn up, and the 
^eel and cock h are turned through a quadrant. As the working 
piston makes its return stroke, the lever falls back again, and the 
catdi slides back over the next tooth of the ratchet, and is ready 
a$ about the end of this return stroke to push round the ratchet, JDc. 

JUmark. The water-pressure engine in the Alte Mordgrabe, has a flill of 356 (bet, 
a strcdce of 8 feet, 18 inches diameter of cylinder, and makes 4 double strokes per 
minute. 

f 192. Suelgo€Bt Water^easure Ungine. — One of the largest 
ffiQd most perfect water-pressure engines hitherto erected, is that at 
Huelsoat, in Brittany. It is a single-cylinder, single-acting engine. 
Fig. 812 represents the essential parts of this engine, and its valve 
genr* 00. is the working cylinder, KK^ the working piston, and 
l^B^ the piston rod working through a stuffing box at IB. In the 
Saxon engine, the piston is packed by a single sheet of leather; but 
in this engine, the rim of the piston is packed, and there is also a 
sheet of leather, held in its place by a ring. The valve cylinder 
ASQ- is united to the working cylinder by the pipe DD^, into which 
the pressure pipe opens at J^, and the discharge pipe at A. To the 
valve piston Sj a counter-balance piston T of greater diameter is 
connected by the rod ST. This system will, therefore, be forced 
upwards by the pressure water, if a third force be not brought into 
play. This third force is, however, produced by bringing the pres- 
sure water above ST, through the pipe e^ efy and in order to use only 
a small quantity of water for working this valve system, a hollow 
cylinder GS is placed on ST, passing through a stuffing box at JT, 
and, therefore, exposing only an annular area to the pressure of the 
water. 

The alternate admission and exclusion of the pressure water of 
l^e hollow space g g^ is effected by an auxiliary valve system, re- 
sembling the main valve system in every respect ; consisting like it 
of a valve piston t , a counter-balance piston t, which is a solid piston 
naa^g through a stuffing box at A. For the position « < A, shown 
in oar figure, the pressure water has free circulation through c/ to 
g ; but if f ^ A be raised, so as to bring % above /, this passage is 
stopped, and the valve water, in the hollow space ^^, escapes through 
na^, when ST goes up. Lastly, to derive the motion of the auxiliary 
valve-piston system from the engine itself, there is let into the work- 
ing piston KK^ an upright rod with a feather edge attached to the 
side. This feather has a series of holes drilled in it, into which 
catches can be put as X^, X^ at the required distance apart. The 
link 6 A is connected to two levers, centred at o and o, and connected 

27* 



313 nuBiaoAT 



JKKLDMTOir'S. VATn-PBBferEB.UflUri. 819 

b; the link I The end of the ^ 3^3. 

one leTer baa an arc, od which 

there are two projeotions or 

catches y„ ¥y As the op 

stroke of tJie pistoo comes to 

an end, the catch X, strikes 

OD y,, and thus at hie moved 

to its upper position, and at 

nearly the end of the down 

stroke of the piston, the catch 

X^ fltrikes Y^, and the ralve 

eyetem t t h descends to a - 

lower poution. It is now easy 

to perceive how the alternate 

positions of ST, necessary for 

the reciprocating motion of 

the mston, KK,, are pro- 

da«ea. 

{ 193. The, following are 
the details of the construction 
of Mr. Darlington's water- 
presBttre engine. The fir«t 
enfline erected in England 
witn cylinder or piston valveij' 
was that pnt up in the Alport^ 
mines, Derbyshire, in the year 
1S42. This was a single cy- 
linder engine. Its success was 
complete, and others were 
erected on the same plan. 
Bat in 1845, a combined eyUn- 
dernu^tilti'waeidesigned, and 
erected by the same engineer, 
whioh is found practically to 
hare several advantages for 
sncih Ui^fl supplies of water as 
that consumed by the pump- 
ing^engine, of which are sub- 
joiaed accurate reductions of 
the working drawings. 

Fig. 918is a front elevation 
"of the: combined cylinder en- 
gine. Fig. 814 is a sectional 
■■ view, and Fig. 815 is a general 
<< plan.' PC, IS the bottom of 
<' the pressure column, 130 feet 
high, and 24 inches internal 

diameter, GC are the combined cylinders, each 24 inches diameter, 
open at top, with hemp-packed pistons a (Fig. 814), and piston rods 



DABUVOIOKS WATXB-PBIB8CBX BMISK. 
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m, combined b; a oroas head n, working JMtween guides in a strong 
frame. The aamisaion throttle valre is a elnice valve, shown at o. 
Fig. 818, *nd between the letters A aad e and I^g. 816. The main 



or working Talve, is a piston gy 18 inches in diameter, Fig. 814, 
with its oonnter or eqiuUbrium pUton abore. The orifice for the 
admission of the preaanre water is between the two pistons. The 
intermediate pipe a is a fiatapipe, into which nnmeroos apertures 
lead from the valve cylinder (seen immediately under g^ Fig. 314). 
The valve piston is in the position for discharging the water from 
the ejlinders throngh the pipe », Fig. S14, by the slnice valve k. 

The vslve sear is work^ by an ancillary engine A, by means of 
the lever t. The auxiliary engine valves, are piston vures in the 
valve eylinder t, Figs. 814 and 815, communicatiDg with the pres- 
sure pipes by a small pipe, provided with cocks, as shown in Fig. 
816. The motion of the auxiliary engine valves is effected by a pair 
-of tappets (', f", set on a vertical rod attached to the cross head n. 
These tappets move the fall bob b, by means of the canti-lever f, 
¥itt. 818, the other end of the lever being linked to the rod s, Fig. 
814, which again is linked to the auxiliary piston valve rod. 

The play of the machine is now manifest. It is in every respect 
analogous to the Hars and Hnelgoat engines, described above. 
The average speed of the engine is 140 feet per minute, or 7 double 
strokes per minute. This requires a vdocity of something less than 
2^ feet per second of the water in the pressure pipes ; and as all the 
valve apertures are large, the hydraulic reustances most be very 
small. The engine is direct acting, drawing water from a depth <h 
185 feet, by means of the spear w, w, figs. 818 and S14. The 
"box," or bucket of the pump, is 28 inches in diameter, so that 
the diseharge is 266 galloaa per stroke, or, when working fall speed, 
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1862 gallons per minute. The mechanical effect due to the fall 
and qnantitj of water consumed is nearly 140 horse power. The 
mechanical effect inyoWed in the discharge of the last-named Quantity 
of water is nearly 74 horse power, so that, supposing the efficiency of 
the engine and pumps to be on a par with each other, the efficiency 
of the two being (§ 203), tj^ s 71,15, the efficiency of the engine 

alone ^ ss |" *^^ = —tt — ^ '^^' ^^' ^^ ^^^ language of Ooraidi 

engineers, 85 per cent, is the duty of the engine. 

The cost of maintenance, grease, &c., of the engine, is only X40 
per annum. In every particular, it redounds to we credit of Mr. 
Darlington's skill as an hydraulic engineer. 

Balance. — For regulating the motion of water-pressure enginea, 
several auidliary arrangements are necessary, which we shall ezplaan 
hereafter. The ascent and descent of the working pist<m is regu- 
lated by an arrangement called a balance, or eaunter-balanes, whieh 
aids the motion of the piston in the one direction, and retards it in 
the other, so that the working of the machine goes on with a nearly 
uniform velocity. In the double-cylinder engine, the balaooe ia 
effeeted by a simple beam, connecting the two cylinders. In the 
double-acting, single-cylinder engine, a fly wheel is necessary, aad 
in the single-acting, single-cylinder engine, a counterbalance weij^t, 
either of a solid body, or of a column of water, an hydraulic balcmeey 
is employed. On the subject of *' Regulators of Motion," we^ for 
the present, make only a few general remarks* The mechanical 
balance consists of a beam with a weight at one end,, and having the 
other end attached to the piston of ^he engine, so that the weight 
assists during the working stroke of the piston to countmrbalaace 
the piston and rods; and during the down stroke, or discharge of the 
used water, prevents the too rapid return of the piston md rods ; 
the< adjustment being such as to allow of the discharge stroke being 
made in about half the time that the working stroke occupies. 
The hydraulic balance consists of a second column of pipes, which 
ascends from the discharge orifice to such a height, that the wtter it 
contains counterbalances the extra weight of the piston and rods. 
The machine at Huelgoat, and also those at Clansthal, have hy- 
draulic balances. 

There is evidently neither loss nor gain of effect by the use oi a 
counter-balance, save by the pr^vdidai resistances they, give rise 
to in their motion. The balance beam has the advantage that its 
balance weight can be varied as required ; and the hydraulic balance 
has the advantage of nmpUeity^ when other ciroumstances do not 
interfere with its application. 

§ 194. Throttle Valves. — The cocks or throttle valves of wateiv 
pressure engines are important organs, their function beine to regu- 
late the supply of water to, and its discharge from, the finginn that 
is the 4peed of the engine. These valves must have a prqudicial 
effect on the efficiency of the engine, and yet, they are a necessary 
evil. In order to r^ulate the ascent and descent of the working 



WATBR-PRB88UBB BNGINB8. 828 

piston and of the valre pistons, there are necessary, four cocks or 
valves — one in the pressure pipe, and one in the discharge pipe (as 
Z, Fig. 312) ; also a cock in the pipe leading the valve water above 
the auxiliary piston, and another similar in the pipe which discharges 
the water used in the valves, as e and a in Fig. 312. 

To get the highest efficiency from a water-pressure engine, its 
work should be such as to render any contraction of the pressure 

Eipefly l^ a throttle valve, unnecessary for its uniform motion. If, 
owever, the useful effect of the engine is greater than is required 
by the work to be done, the excess must be taken away by checking 
the supply by means of the throttle valve, or by shortening the 
stroke of the engine. 

If it be an object to save water, the latter means is the best when 
possible, because the efficiency of the machine is not thereby inter- 
fered with. 

A change in the length of stroke of the piston is easily effected 
hy aKering the position of the catches on the rod X^, X^ Fig. 812. 
The nearer X, and X^ are brought together, the earlier the revers- 
ing of the stroke ensues ; and, therefore, the shorter is the stroke of 
the working piston. 

§ 195. mechanical Effect of Water-preesure Engineg. — In comput- 
ing the effect of water-pressure engines, we shall make use of the 
following symbols : — 

P «■ the area of the working piston. 

F^ aa the area of the pressure pipes. 

d as the diameter of the working piston. 

d^ SM the diameter of the pressure pipe. 

d^ » the diameter of the discharge pipe. 

h «■ the fall from surface of reservoir to surface of water in 
discharge channel. 

\ » the vertical distance from the surface of reservoir to the sur- 
face of piston at half stroke. 

A, c* the distance from surface of discharged water to the piston 
at half stroke. 

% «M the stroke of the piston. 

1. ^ length of pressure pipe. 

2, •* length of discharge pipe. 
V mm mean velocity of piston. 

9j ^ mean velocity of water in pressure pipe. 

V, M mean velocity of water in discharge pipe. 
We shall assume the engine to be single acting, making: 

n «■ the number of strokes per minute. 

Q «■* the quantity of water used per second. 

The mean pressure of the water on the piston surface F is* 
Pj BB Fh^y, and, therefore, the mechanical' efiect produced per 
itrohe, prejudicial resistances neglected, is P^b^ Fsh^yj and per 
minvLtenPs^ n JT^A^y, and, therefore, the mean effidct per se- 
cond, is: 
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In the return of the piston^ the mean effective resistance is: 
P^^m F A, 7, and, therefore, the mechanical effect consumed is: 
P, « « jP A, « y, and hence the Joss of effect per second is : 
L^^ Qh^ yy and, therefore, the effect availabie 

as in many other hydraulic recipient machines. 

This formula is evidently not changed should the working piston 
not fill up the cylinder, iL e., supposing a plunger is use^ raund 
which there is a free space, or supposing the piston.does not descend 
to touch the bottom of the cylinder. Il^or would the circumstance 
of the discharge taking place below the mean position of the piston 
— that is, of A| being negative, or A ■■ A^ -f X, alter the formula. 
F is the area of a section of the pistou at right angles to its axis, 

or JP SB , and, therefore, the form of the piston can have no 

effect. 

§ 196. Friction of the Piston. — Of the prejudicial resiatancwm^ 
the friction of the piston is a principal one. As there are no accu- 
rate experiments on this subject, we must content ourselves by esti- 
mating it from the pressure of the water, and a co-efficient of fric- 
tion ascertained in tne nearest possible.analqgous circumstances. If 
the packing be on the hydrostatic plan, the force with which each 
element e of the packing is pressed against the cylinder during the 
up stroke is «• e A^y, and during the dowi) strqke it is «■/*« A,y, and 
hence the frictionat/e A, y, and /« A, y,' respectively. The total 
friction will be the sum of the frictions of all the elements, or of the 
area of the whole packing. If the breadth of the packing be i, 
then fidbi% the area, and then the piston friction is JS| ■■/fc dh\y 
for up stroke, and R^^mfndh A, y for down stroke. 

It is convenient to express the various prejudicial resistances in 
terms of a column of water of the area of the pision, and whose 
height A| or A^ is the head lost (in the pcesent ca8e)*by_the firiction 
of the piston. Let us, therefore, put: 
J8,-./A,y,andJ8,-J'A4y,orl'A,-/,trf6A„andl'A,— /KiJ*,. 

or putting !^ for F, we have ^ -/6 A^, und ih^fbh^\ aad 

hence the loss of fall, corresponding to the friction of the piston 
A,-4/^A„andA,-4/*A,. 

If we deduct these heights, we get for the mean power during the 
up stroke : 

p. - /(A. _ A,) y - (l _ 4/^) FK y, 

and during the down stroke : 
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and hence the resultant mean efiect : 

If the rising pipe height A^ -« 0, or be very small, then we have 
more simply 

i, (1-44)^ A,. 

' We see firom this that the loss of effect from friction of piston is 

h h ■ 

so much the greater, the greater ^ and -2 are, that is, the greater 

h h 
the head, and the greater the connter-balance head. 

To reduce this friction, the packing should not hare unnecessary 

width. In existing machines -- » 0,1 to 0,2. The co-efficient of 
friction is to be taken as determined by Morin, /e 0,25. This being 

aammed, we see that 4/^ m 0,1 to 0,2, or that the friction of the 

d 

piston absorbs from 10 to 20 per cent, of the whole available power. 

§ 197. EydrauUc Pr^udunal Retutance^. — ^Another source of 

loss of effect in water-pressure engines, is the friction of the water 

ia thp pressure |md discharge.pipes. According to the theory given 

in Vol. L i 329, the pressure height or head corresponding to this 

loss, i being the co-efficient of friction, is 

m Aft' 

h «• { . _ . -.. This applied to the pressure pipe, becomes 
a ig 

hgtm( . ^, I and applied to the discharge pipe it is 

^«s f > « > But the quantity of water, is 

!!L^L . V. « lit .fi^^l^v, therefore, 

d^* t>, •• «:^» «, ■■ <? V, or », ■• | — \ v, aod t>, « (—\ v, «nd, hence, 
we msT put 

and for velocities {v^ and v^) of from 5 to 10 feet, 

f - 0,021 to 0,020. 
in order to reduce these resistances, the pipes must be of as great 
diameter as possible, and the number of strokes as few as possible. 
The motion of water in the pqpes of a water-pressure engine is 
different from that in ordinary conduit pip^Sy inasmuch as in the 
former the velocity eontinually varies, whilst in the latter it is sen- 
aibly uniform. 
VOL, n. — 28 
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Hence the inertia of the water plays a more conspicuous part in 
the one than in the other. In order to put a mass, m, into motion 
with a velocity v, there is required to be expended an amount of 

meohanical efieot represented by —-— ; and henoe to oommnnioate 

to the column of water in the pressure pipes ^ velocity v^^ the 
weight being JP| l^ 7, there is required an amount of mechanical 

effectcsi^|{|y • -J-. If the water column be cut off from the working 

cylinder only at the end of the stroke of the piston, this amonnt of 
effect would not be lost, for this column would restore, or give back 
the mechanical effect, during the gradual cessation of the piston's 
motion; but the cutting off of the water pressure from the warkiag 
piston takes place, although near the end of the stroke, yet gra- 
dually and while the piston is in motion, so that the working piston 
and column of water come to rest at the same instant ; and hence 
the valve piston causes a gradual absorption of all the vis viva, of 
the water column during the first half of its ascent, inasmuch as it 
brings a gradually increasing resistance in the way, by gradually 
decreasing the passage, and hence we may assume that the mechani- 

cal effect due to inertia, F^l^y . -^is hst at each stroke. 

If we introduce v. s -— v, and F^ b --7^, then we have for the 

df 4 

itd!^ d!^l If* 
above amount of mechanical effect—-— • -— ^ f 'tt-j ^^^ hence, the 

mean eff<ni during the whole stroke «, 

and the corresponding loss of fall or pressure head : 

A loss, that would be expressed in a similar manner, takes plaoe 
on the return stroke, during which the water is forced out of the 
cylinder with a velocity v^ and the vie viva communicated td it at 
the commencement of the stroke is of course lost to the efficiency 
of the engine. The pressure head lost would be : 

To keep these two losses by inertia as small as possible, it is re- 
quisite to have the pressure and discharge pipes of greatest diameter, 
JBtnd least length possible, to have a small velocity of the piston, and 
a long stroke. 

Remark, To iDitigate or to g«t rid of the prejudicial effisct of shook, which the toddea 
cutting off of the water giyes rise to, an air yessel has been introduced in many engines, 
at the lower end of the pressure pipes, and near the valyes. This is a c/linder filled with 
compressed air, analogous to the air yessels on fire engines. The air in this case absorbs 
the excess of inf vwa in the water, being compressed hf \X\ and the air expanding again, 
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restores this vi$ moa at the oommencenieot of the next stroke, the water being fbroed 
from the air vessel into the working cylinder, nearly as if under the oric^nal hydrostatic 
pressure. In the applieatkm of this arrangement to machines having very great fldls, 
the air io the vessel has been found to mix with the. water, so that it is gradually removed 
from it entirely. To prevent this, either a piston must be fitted into the air cylinder, or 
•far iMUt be oontinQally supplied to it by a small air pomp to make up the aheorptioa of 
it by the water. 

§ 198. ChangeM in directum and in seetianal areas of the various 
pipes of a water-pressore engine are further causes of diminished 
effieieii07« Although these losses may be calculated b j the formulas 
given in the third and fourth parts of the sixth section of the first 
volome, it appears necessary that we should here bring together the 
Ibrmulas to be applied. 

In the pressure and discharge pipes, there are bent knee pieces, 
Ac motion of the water through which involves a loss of head, whidi 
may be expressed, according to Vol. I. § 884, by the formula 

A «s f . A . ^^^ Here fi is the arc of curvature, generally «■ ^, JTi is 

a co-efficient depending on the ratio between the radius r of the sec- 
tional area of the pipe, and the radius of curvature of the axis of the 
pipe, and which may be calculated by the formula 

^^ » 0,181 + 1,847 (-\^, or may be taken from the tables given at 

the place cited. For a bend in the pressure pipe, the head due to 
the resistance is 

and for a bend in the disehuge pipe: 

At the entrance of the water into the valve cylinder, as well as at 
its discharge from it, the water is suddenly turned aside at a right 
angle, exactly as in an elbow, or rectangular knee piece. There is, 
therefore, a loss of head in this case, which, according to Vol. L § 

888, may be put : h «■ 0,984 3-, or almost equal to —- . For uni- 
Hirmity's sake, we shall put this loss of head for the pressure pipe : 

and for the discharge pipe : 

Sudden changes in eectumal area, as, for example, at the entrance 
and discharge of the water into and from the working cylinder, 
give rise, in like manner, to a loss of pressure head. According 
to Yol. I. § 887, such a loss is determined by the formula, 

A«f— - — ll^r-. For the entrance of the water into the work- 






« » 
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ing cylinder, this fonniila applies directly, if V and F^ be the areas 
of the cylinder and pressure pipes respectively. For the discharge 

on the other hand -=- n ^ in which a is the co-efficient of contrac- 

F^ a 

/I \* 
tion. If a «i 0,6, then i 1 j « | ; and hence the head due to 

the resistance to the entrance of the water into the cylinder: 

and for the discharge: 

For simplicity's sake, however, we shall put 

SO that, when F^l^is introduced, and JP'i » f^, then 

To avoid loss of effect by sudden variations of velocity generally, 
the intermediate pipes, and parts of the valve cylinder through 
which the water passes, should have the same area as the pressure 
and discharge pipes, or, at all events, the intermediate passages 
should gradually widen out to the area of the main pipes. 

There are further special losses of effect occasioned by the cocks 
and throttle valves. These are to be calculated by the formula 

A s Cj • ^ and the co-efficients Sg depend on the position or angle 

of the cocks, &c., and are to be taken from the tables, Vol. L § 340. 
Hence for the ascent of the working piston : • 

*w ■■ fs • (;7-) • o-> ^^^ *^' *^® descent, h^^ ■• ?, . (-A . — . 

By setting the regulating cock or valve, the co-efficient of resist- 
ance may be varied to any amount from to oo , or any excess of 
power may be absorbed, and the velocity of the piston checked at 
pleasure. 

§ 199. Formuiafar the Useful Effect. — If in the- mean time we 
leave the valves out of consideration, we can now construct a for- 
mula representing the useful effect of a water-pressure engine.' The 
mean effort during an ascent of the piston is 

P^lK — ^^ + K + \ + h^ + An +K+ *J]-^y» 
and the resistance m the descent : 

P,- (A, + A^ + A^ + A, + h^ +h^ + A,, + AJ J'y; 
and hence the effect for a double stroke: 

(P — PJir « [A, — (A,-h A3 -h A, + . . . -h AJ]P«y, 
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and the mechanical effect produced per second : 

i « [A, - (A, + A3 + A, + . . . + A J] ^^'Fiy. 

If, again, we put: 

then we may expreas the useful effect very simply and comprehen- 
riyely, by 



or 



S y» 



On account of the greater length of the pressure pipes, si is con- 
siderably more than «,; and, therefore, the time for the up stroke 
<, is usually allowed to be longer than that for the doWn stroke t^. 

If we make the ratio -i «■ r b f , then 

* r + 1 n ' ^ r+1 n ' 

and if we retain v as the value of the mean velocity of a double stroke 
B -^TT—, then the mean Telocity during the up stroke 



• »+ 1 n$ 9 + 1 V 
and that during the down stroke 



and, hence, the useful eflect may be expressed more generally : 
or, introducing _ . JP# ■« (^, 

or, introducing v ■■ -^ « — f , 

28* 
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In the double-actiDg, water-pressure engine, the mechanical effect 
produced is of course doubled. 

This formula shows, very clearly, that the useful effect of a water- 
pressure engine is greater, the greater (2, d^ and d^ are, or the wider 
the cylinder and pipes. It is also demonstrable, by aid of the 
higher calculus, that for a given number of strokes the useful effeet 
is a maximum, or the prejudicial resistances are a minimum, when 

-J!!-, a, ^, that is, when r = ^ f ^^^-^ • ^j ^^^ example, d, = c?^, 
ir d^ d^ \ jr J d^ 

and x^ s 8 x^ then y » v^ 8 as 2, or the time for the up stroke would 
be double that for the down stroke. By applying a balance beam, 
attached to the working piston rod, this ratio r, between the time for 
the up and down stroke, may be aii^usted by the counter-balance 
weight applied. Any regulation by means of die throttle valve, or 
cocks, on the pressure or discharge pipes, can only be effected at 
the cost of useful effect, as by these a loss of power measured by C# 
is occasioned, and which increases in proportion as the passages are 
contracted. 

If the mechanical effect required be less than the best effect of 
the engine, the excess must be destroyed or checked by the throttle 
valves. 

ExampU, It is required to make the calcalations necessary (or establishing a single- 
acting, single cylinder, water-pressure engine foi a faU h sbb ^50 ftet, and a quantity of 
water Q ^ 1 cubic foot per second. 

Suppose V the mean velocity of the up and down stroke as 1 foot, then Ibr its area, 

2 2 1 
we have F^-~t^^ — ^2 square feet; and if we arrange that the water shall 

move through the pressure and discharge pipes with a velocity VtSB«^^5 Ibet, then 

2Q -rr 

for the section of these pipes, we have Ft ss -^ss 1 at 0^ square feet Hence the 
diameter of the working piston, d as /_ «s I. ss 1,5958 feet ; and that of the pm- 

sure and discharge pipeS|<f|S (4 s lLE±wm /Ms 0,71364 feet For simplicity 

and certainty, we shall assume (fsB20 inches, arid (f,^d^sa» 7 inches. 

If, for counter-balancing the rodst &c^ we carry up the discharge pipe 50 feet above 
the mean height of the piston, or make A, ^ 50 feet, then At ^ ^4" ^ ^ ^^ ^^^^ ^o 
shall assume further, that the total length of pressure pipe ^^450 feet, and that of the 
discharge pipe i^^ 66 feet For a diameter of 20 indies, 

J'e^sB- . ^b:248S sqnare feet ..ira^«...J-. «B 0,9166 feet. 
4 4 9^ F 2,182 

Suppose we have 4 strokes per minute, then the length of stroke 

^^60^^60.0,9166^ g^^ 

2n 8 

ir, again, wp suppose the width of the packing of the piston 6 bs }d:B 2} inchM, we get 
as the pressure height absorbed by the friction of the piston : 

4/i (Aj+AJ =a4 . 0,25 . i (400+ 50) =s i51 as 56,25 fee^ 
d 8 
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or diere remains, after deducting the piston friction, the head 350 — 56,25 bb 203,75 
feet To calculate the hydraulic resistances, we must, in the first place, determine S| 
and Mg, That for the pressure pipe, 

and that fyg the discharge pipe : 

and in these expressions : 

C»0,02], 4»-^»<M)0,and^»^s88; 

therefore, C j *> 0,021 . 600 sr 12,6, and ( k s 0,021 . 88 cb 1,85. Again, 

!?lA« (IX . i52 «13,26, and ^= /IV JL« 1,94. 
d*i \20/ 6,87 d*f \20/ 6,87 * 

If we further assume, that the bends in tiie pipes have radii of curvature a^4r, or 

if ~ ai^, we have as the co-efficient of resistance in bends : 
a 

(t SB 0,131 4* 1}847 ( — j> ^ 0,145, and if the aggregate angle of deflexion by curves 

in the preestire and discharge pipes s 270^, or if: 

^8r^»^aithen,(,^ = (,!!La0,145.|a0,22. 
9 w 180* ' WW ' 

If, further, the water, before and ader its work is done in the cylinder, makes two rec- 
tangular deviations in its progress through the valve cylinder, we have, in the formulas 
for Ki and u^(^s»2 . 1^2; and if the valve cylinder is of the seme diameter as the 
pressure and connecting pipes, the oo-«fficient of resistanoe for the up stroke 

f,aB fl — (jV T«»(l — 0,2025)« sa 0,64, whUstfor the down stroke {^ « f rs 0,44. 

If the throttle and other passage valves be fully open, then (g as 0, and, therefore, we 
have X. B 12,60 + 13,26 + 0,22 + 2,00 -|- 0,64 b 28,72, and 

«, ss 1,85 + 1,94 + 0,22 + 2,00 + 0,44 b 6,45 
Lastly, we h ave the best ratio of the times for the up stroke and down stroke : 

28,72 _ j^g^g^ ^^ ^^^jy ^^^ 






,45 
^y imrodncing these vmlnes, we get the height of column remaining: 

._[.4(.+„+(_^+.)(i.)-..(is)-] 

_.-[vi<.+«+(j+H)(^y.^.Q-] 
_»3,»-c-ffij+w«)(iy.M.«.(iJiy 

cs 293,75 — 16,79. 0,0155 . ^^ ' ^^^ «: 293,75^-2,37 a 291,38 feet 
» 729. «• 

From this we get the efficiency of this engine^ neglecting the mechanical eflect required 

for working the valves, « « ^^^'^^ ss 0,832, and the nseftil efieot : 

* 350 

X8aB291,38 . 1 . 62,5 s 18211 leet lbs., or 3,1 horse power, nearly. 

§ 200. Adjuttment ef the Vmlvm. — Tke amngemeiit and proper 
adjustment of the valves is a most important part of the waterrpres- 
sore engine. As in all the engines we have described piston valves 
are used, we shall, in what follows, confine onrs^ves to the considera- 
tion of these arrangements. 

We shall first consider the system having two pistons, as used in 
some of the Saxon engines, and represented in Fig. S16, 
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If ve assume that the vkIva piston S is pressed upwaHb villi ft 

mean pressure A,, and downwards with a pressors A, ; and if tiie 

height of the oovDter piston <7 above S-m e, and, 

Fig. 316. therefore, the height of the hydrostatic colnmn onder 

0-im h, — e, and that above & according as the 
water is let on or ^nt off, A, — e, or h. — e. If 
farther, <I, « the diameter of S, and d^ — that of G, 
and we shall asBome that the packing of the two pis- 
tons consists of leather discs pressed together, and tut 
they are abont the same heigiit or thickness. If, now, 
this piston valve Bystem bs up, as shown in Fig. 316, 
the letting on of the preasare water above & would 
occasion a descent of the valves, and, therefore, the 
difference of the water pressore on iS and (7, in com- 
bioaticn with the weight S of the system, most be 
sufficient to overcome the friction of the piston S and 
&. The pressore downwards on 

ff_;ii' (*.-«),, 

and the counter pressore under 

G-^'(».-«)r- 
The downward pressore on S — ^^^ A,r> uid the coonter pressure 

under Sim -^— !- h, y, and, hence, the power to posh the system 
down: 

or the fall A, — A, being represented by \ : 

P.* (d,«— d,*)Ay + JJ. 

The friction of the pistons, even though they be not on the hydro- 
static principle, is proportional to the circumference of the piston, 
and to the difference of pressure on the two sides of the piston, and 
may be represented by J* ■■ f n <j A r> Hence, in the case in qontioD 

p-.«(i(*,-*,) + i, [*.-.-(*,-.)]), -t«K + dj»,. 

Hence we have the following formola : 

or, simplified: 

WAI J»_i_ 

If, on the other hand, the valve has to rise from its lowest posi- 
tion after the water has been cut off, then the excess, or the diier- 
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#&ee oJP the water prefisare on S alone, must overcome the weight 
of the valve system, and the friction of the pistons; because then 
the preesores on both sides of Q- cease, we must, therefore, have 

or, more simply : 

ft fly 

These forttinlas will serve for calculating the diameters d^ and d^ 
of the two pistons. Neglecting JR, which, in considerable falls, is 
almost always of small amount : 

5/ — dj* « 4 ♦ (rf, + rf,), and (f » = 4 1 {d. + rf,), therefore, 

d^ — d,^^d^,ordi^2d,\ 
and, hence, the diameter of the counter piston : 

i,«d v^2«l,414d„ 
or about } of the diameter oi the piston valve, which is determined 
by the first equation: 

d,*— <ii*« 4t(i, + i,), or dj — d = 4t, 

if we substitute in it : (2| %/2 for d^. 
We then have: 

dj- — i-^ n. (^2 + l).4t« 2,414.4t,andd,- 8,414 • 4 1- 

Taking the weight of the pistons into account, we have, with suf- 
ficient accuracy, 

and from this, we have by the equation 1 : 

' ' '^^♦•.Ay-v/2 t * A y (1 + ^/2)' 

d,-. (V'2 + l)4t + ^^~^f ^ ,and 

For the sake of certainty in the working, both diameters are 
made somewhat greater, and the excess of power is absorbed by 
setting the regulating cocks, already mentioned, so as to exactly 
adjust the area of passage. Judging from the best existing engines, 
we may take 4 1 » 0,1, or t » :iV* ^° order that, in the passage 
of the pressure water through the valve cylinder, there may be the 
least possible hydraulic resistance, it is usually made of equal area, 
at that part, with the area of the pressure and intermediate pipes ; 
and supposing the formulas give a diameter d^j which is less than 
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that of the pressure pipes, we may consider that there eidtlB Mi 
excess of power, which must be adjusted by the regulating cocks. 

Example, It is required to determine the proportions of a two-pislon valve syitetn for 
a water-presmre engine of 400 feet fiill. Suppose the weight of the pistons and lod, 
&c Bs 150 lbs. Leaving this weight out of the calculation, the diameter 
if, cs 3,414 . 4 t ss 2,414 . 0,1 «■ 0,2414 leet s 2,897 inobes, and (^ m 3,414 . 0,1 
SB 0,3414 Bs 4,007 inches. Taking the weight of pistons, &&, into aooount cf, bs 0,2414 

, 0,586 . 150 — ^0^24144. iil!£!i.«B0,24l44-0,0223s0,2637ft.n3,164 inches, 
0,05 . 400 . 62,5 9 8,33 . v 

and d;»0,3414+^ ^^^^ ' i?l « 0,3414+ 0/)022ai 0,3516 feeta> 4,919 inebes. 
^ ^ 0.05.400.62,5 » r^ t r^ t 1* 

It will be sufficient in this case, if we take d^ bs 3(, and cf, ■v5 inches. For so small a 
ooonter-baianoe to piston valve, only a small supply of water is neoeesaiy; b«i the re- 
sistance in the passage through the valve cylinder would be great If, on this account, 

we put ^, ^ 6 inches, then we should have to make d^ at least bs cf, ^/2 bs 8,484 
inches, that is from 8} to 9 inches, the excess of power being absorbed by adjusting the 
cooks. 

§ 201. In the three-piston valve system, the mode of calculation 
is very similar to that gone through above. The advantage of this 
system is, that we may make one of the pistons, the valve piston 
proper, for example, of the same diameter as the pressure pipes. 
The calculations for the valves in the eneine represented in Fig. 
811, may be made as follows : Pnttinff a[ bs the diameter of the 
lower piston, or first valve piston, and a^ that of the second, and d^ 
that of the upper or counter piston; then, for the descent, we have 

1.) d*-d,* + d,» + i^ - 4tK + 4, + <y, 

H n y 

and for the ascent : 

2.) i/_ci/_i^ - 4 ♦ K + a, + d,). 

ft fly 

From c2| we can, by means of these formulas, determine d^ and d^ 
making d^ however, somewhat greater than the calculation gives 
for insuring certainty of action. If we put the value thus found 
into the formula 

n hy 

we get as the diameter of tho third piston : 

which, for the reasons already given, should be made something 
more than the absolute result of calculation. 

For the valve system of the engine in Fig. 812, we have the fol- 
lowing formulas. Let h^ «■ the mean height of the pressure column, 
and \ as the mean height of counter-balance column; d^ the diame- 
ter of the valve piston, d^ that of the counter piston, and d^ that of 
the projection forming a third piston. The power in the descent, 
is then 
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•ad thftt in the uceat : 

^[■I,'i.-(<I,'-^-)A,-d,-(J,-JO],-S; 
tlurefore: 

1.) <!,' — *l i,< + i^ _ 4 ♦ {i, + d, + i,), „d 

2.)<i,'-<i,' + id.>_i^ _ 4,(i, + d, + d.). 

If (^ tw giren, we can then calculate d, and 4^ bnt we mnst keep 
d, Bomewhat aboTe, and d^ somewhat below the rMoIt of the fonsola. 
Toefonnulaa 

1. <^» — <V- 8 ♦(<*, + d;+<ij, and 

2. d* + (^^±M rf,' - 2 d,' + 1^ 

\ A / K hj 

are of rather simpler application. 

For the Talve system shown in Vig. 817, already mentioned as 
that of the Claosthal engines, we have, when d^ <- the diameter of 
valve piston, d, the diameter of upper or oosnter piston, and d, that 
of the lower or auxiliary piston, the power for descent : 

Fig. 317. 
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|[d,«(A.-A,)-«i,»A,)]y + iJ, 

The power of ascent : 

X K* (*i — *») — ^* (*i — *.) + <«»* *i] y ~ -B ; therefore, 

1.) d,«_*l d,» + 1^ . 4 ♦ ((Z. + (Z, + rf,), and 

/» « A y 

2.) d,»-rf,» + *ld,»_i^. 4 ♦ K + rf, + <?,). 

fmiiiq^b. Supposing, as in tbe la8^nlentioned enMne, A, ss 688 feet, and i^ as 76 ie«^ 
12 as 170 Ibt^ and <f| as ^ foot, we get the diameters of the other pistons as follows : 

li^'sS t (rfi + ^2+ «t)i and al«o = 2 i/^ — ?A» !/,•+ lA, or, in numbers: 

d;'s0,2 (0,5+ (/,+ 4)<^°d ss 0,5 — 2,248 (Z,*-^ 0,0107. If, now, we assume d^s 0,3 
feet, we have by one formula (f,*s0,5l07 — 0,2023 s 0,3084, that is ^xn 0^466; 
and by the second formula, d^* ss 0,2 . 1,355 s 0,2710, t. e. d^ as 0,5205. But if we 
put 4 » 0^3^ ^^^ ^s — 0,5107 — • 0,2448 = 0,2659, or <^ = 0,516, and, agam, 
i/,* s 0,2 . 1,346 sa 0,2602, or <^ s 0,51 d. Hence <4 = 0,33 . 12 ss 3,96, or about 4 
inches, and (^^0,52. 12 = 6,24, or 6^ inches. Jordan, the engineer, who erected 
these machines, has madef4^4 inches, 1,6 lines, and d^^as^ inches, 9} lines, fiom 
which we deduce that 4 ^ is somewhat less than 0,1 in this ease. 

lUmark, To calculate more aocunitely, the diameter of the valve rod would have to be 
taken into account 

§ 202. Water far the Valve$. — The quantity of water reqnired, 

for the motion of the yalves^ gives rise to the loss of a certain amoont 

of mechanical effect, or to a diminution of the engine's efficienoy» 

because it is abstracted from die water working the engindb It 

should, therefore, be rendered as little as possible, that is d^, tbe 

diameter of the counter piston, and its etroke should be as small as 

possible. The stroke depends on the depth of the valve piston, or 

on the diameter of the intermediate pipe. The intermediate pipe is, 

therefore, made rectangular : of the width of the working cylinder, 

and low in proportion. As it is made of the same area as the pres- 

H d* 
sure pipes, we have ad a ^ , and, therefore, the height, or least 

nd* 
dimension of the intermediate pipe a b ^ * . 

4 a 

That the valve piston may cut off the water exactly at the end 

of the stroke, it is made three times the height of the pipe, or its 

depth is a^ a 8 a ; and, hence, the stroke of the valve piston proper 

s^sBt a^ + a 9s S a + a mn ^ ay and the quantity of water expended 

for each stroke is «■ — 7-^ «. » ^c a (L^ 

4 * ^ 

If the engine makes n strokes per minute, the quantity of water 

expended by the valves per second. 

^ iWj ft d^ na ^ s 

^•"60"~4""60'' *' 
and, hence, the loas of effect corresponding : 
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^ "60 '^^^ ^' 
or the loss ia the less the longer the stroke of the engine. 

As to the valve gear, the power required to work it is so small 
that it may be left out of consideration. The study of the arrange- 
ment of the mechanism arises under another section of our work. 

Exampk, If in the water-preasare entpoe, the Mifajeot of the example calculated, 
there be applied a valye pistoo of inches diameter, and, therefore, a counter piston 

«b9 y/ds 13 inches diameter. I( fnither, the intermediate pipe have a height 

a m ^—^ ■■ ^ as — — Mi 3,18 inches, then the valve piston roost have a height 

4rf4.20S0 *^ ^^ 

«,aBB 3 AHi 9,54 inches, and iu stroke «, «■ a« •{- <* "* 12^1^ inches ma 1,06 feet ; and 
thereibre the quantity of water expended each stroke ai -. f _. j . 1,06 wm 0,977 cubic 

feet J and henoe the loss of effect per second : 

i;«B JL . 0,977 . hywm^. 0,977 . 350 . 62 . 5 «■ 1484 .• feet lbs., or nearly 3 AorKptwo*. 

It would certainly be better in this case to make the piston valves less in diameter, and 
have a lower intermediate pipe; for although this would increase the hydraulic resist- 
ances, still it would not involve so great a kMs as the waste of water we have calculated 
impliea 

§ 203. ExperimenUd RtwiU. — There are not many good experi- 
ments on the effect of water-pressure engines. These engines are 
usually employed as pumping engines in mines, and the experiments 
diat have been made inTolve the whole machinery, as well as the 
engines themselves, in the results as to the efficiency* But it is very 
easy to set aa approximate determination of this efficiency, if we 
assume that the efficiency of water-pressure engines and pumps are 
in certain proportions to each other. This assumption we may make 
with perfect propriety, as the engine and machine are ver^ analogous 
in their construction and movements. We shall not give any ad- 
TaMage to the water-pressure engine, nor be far from the truth, if 
we suppose the loss of effect of the whole apparatus to be one-half 
doe to the water-pressure engine. The calculation then becomes 
very simple. 

The effect at disposition is ^^ (jP« + 1\« J h y, in which F^ is the 

section, and $^ the stroke of the auxiliary piston. The effect pro- 

duced, however, is —- J', A^y; if jP, » the section of the pump piston, 
• 60 

and \ the height, the water is raised by the pump. The loss of 

effect IS, therefore, 

the half of which is : 

and hence the efficiency of the water-pressure engine : 

TOL. II. — ^29 
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if ffi be the efficiency of the combined engine and pumps. In this 
mode of calculation, it is assumed that there are bo losses of water, 
and when the machineiT' is in good order, this loss is so small that 
it may be neglected. Jordan found for the Clausthal engines, that 
the loss of water in the water-pressure engines is only i per cent,, 
and in the pumps 2^ per cent. The experiments are made by open- 
ing the regulating apparatus in pressure and discharge pipes, and 
then raising the height of the pump column, or increasing the work 
to be done till the required number of strokes is performed untformig^. 
By experiments on this principle, Jordan found that one of the 
Clausthal engines gave, when making 4 strokes per minute, 
1^^ MB 0,6568, and makine 8 strokes t^ « 0,7055, aad, therefoiei m 

the first case, 17 « .-L_ — a. 0,8284, and in the second : 

tf « 1l[^ » 0,8527, and hence as a mean f, » 0,84. When the 

greatest effect of a water-pressure engine cannot be determined by 
the method of heightening the .pump column till a uniform motfott 
is established, it may be done perhaps by diminishing the water* 
pressure column. This, however, can only be done when the excess 
of power of the engine is small, that is, when the part of the waters 
column to be taken off is small. The water may be kept at a oer* 
tain level in the pressure pipes, ascertained by a float, and in this 
way the efficiency for a e^riain head be determined. The engine in 
Alte Mordgrube, near Freyberg, was experimented on in this way^ 
and it was found that for 8 strokes per minute ^r^ «i 0,684, and benee 
the efficiency of the water-pressure engine alone is to be estunated 

as n - ^^ p- 0,842. 

The most of the results reported in reference to the eff^t of 
water-pressure engines are too uncertain to be worthy of much con- 
fidence, having been deduced firom experiments in which essential 
circumstances were not noted. If we take f as the co-efficient of 
resistance corresponding to a certain position of the regulating valves 
or cocks, as given in the table. Vol. I. § 840, the fall y, lost by this 
contraction, may be estimated by the formula; 

and we can, therefore, estimate the efficiency by the formula : 



i 




F,,h, 



'•u-^my^'-^ 



Exompk, A pressure eagine oonsomes 10 oubio ^t of water pet- saoond, besides 0^4 
otfbic feet for the valves. The ihll sbb 300 feet, the mean velocity of the water in thie 
pressure pipes sk 6 feet per second, and the circular throttle valves in the main pipe 
stands at 60^. Suppose^ that by this engine, there is raised at each stroke 3,5 cnbio feet 
490 feet high, at what is the effioienoj of the engine to be estimaiadf Aooordlug le 
Vol L S 340, for the position of the valve 60^, 
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(k IIB, .-. ; . Ei!k11S . 0,01SS . e* B 63,2 feet ; BDd heoee, 
\ ^10<300 — 68^) + (M.300/ \ ^237,8+127 

§ 204. CTatn Wheeh. — There ure other water-power machineB, 
seitlier wheels nor pressnre engincBj hat which are to be met with 
from time to time. We may mention the following ; — 

The chain of buckets (Fr. roue d piston ; Ger. Kolhtnratt) haa 
recently been revived as a machine recipient of water power by La- 
moliirea (tee "Technologiste," Sept. 1845). 

Tbe principal parts of this machine are ACB, Fig. 818, over 
which passes a chain ADB, form- ■ 
ing the axis connecting fc series ^''>- ^'^ 

of pistons (called bnckets or 
saucers), H, F, G, &c., and a pipe 
JSCff through which tbe cbain 
pasWB in such manner, that the 
piaboM n«arly fill the section of 
^ pipe. The water flowing in 
»( Ja, descendB in the pipe ^(?, 
cairying the buckets along with 
it, thus setting the whole chain in 
noUtMi, and turning the sprocket 
whoel AOB round with it. La- 
noU^re's piston wheel, consists of 
two diains having from 10 to Id 
backets with leather packing. 
The buckets have an elliptical 
form, the major axis being 8 times 
tbe minor axis. The sprocket 
wheel consists of two discs with 
six cats to receive the buckets. 

For a fall of two metres (6' — 8"), the snrface of backets being 0,25 
squftre feet, the qnantity of water 31 litres (6,82 gallons) per second, 
tbe number of revolutions 86 to 39, it is said liiat an efficiency » 0,71 
to 0,72 was obtained. 

JtoHork, Tbi> mnchins ii the cbaiti {lamp nxid in Ibe Engliih rrnvy, coavetted into a 
Mcipieni or power. For ■ deaciipiioa of tli» cbain potiipt, (n Nicholaoo'i " OperatiTc 
MecbV p. 26S. 

The chsin of buckets (Fr. noria, ehapeUt, paUr-noHer ; Ger. 
MmerketU) is a similar apparatus. The cnain in this machine has 
a series of buckets attached. Fig. 319, of su^ form that no pipe is 
required. The water enters at A, fillB the huekets successively,' 
and sets the whole series in motion, so that tbe sprocket wheel C 
u mada to revolve. This wheel should give a very high efficiency, 
fleeing that the whole fiill may be made use of; but from the great 
nomber of parts of which It is composed, their liability to wear, 
And other soorces of loss of effect, it is practically a very inefficient 
machine. 
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L Ve nrn^ h«m menikm, (hat the MrcalM ratiirjr pump, ntmrj unm •nfiioM^ 
Ac, amy be adapled to receive water power. Fig. 330, repr^Mtnti a water pnume 
wheel, of which there is n detailed deecripiion anil ibeoiy giver in the * PolrlechD. 
OntTBlblatl, 1840." It it Pecqitrar'i rotarjr fieam pnxire ■dapled to water prnrei. 
POB, it a Mrong, Bocnntel)' (vrned axis, Jt and tS, being two wings connected with it, 
and wbicb srrve as pittont. These pisionp are enclosed in a cover DBD,E„ in wbidi 
there are Ibur slide* movad bjr the engine iuelf, and perfbrming Iha AinRIions at valve*. 
The aiis is bored three time* in the direction of its length, and each of ihebollow spacea 
bu a laieni communiolion within the oovar. Tbe pleasure walei Bows Ihrougb Iha 
inner bore O, enters through the side openings C and C„ into the, in other respects, 
isohled epaoe between ibe ails and the oover; presae* against tbe pistons^ and J„ and 
in thai wajr sets the axis in rotation. That the rotation may not be inierrapted by tha 
slides, they must always recede before tbe piston come* up to them; and on the other 
hand, ibat no water presmre may hfi on the oppoeiie aide of the piaBon, ihe slides moM 
(hll back instantly on (be piston passing them, ao that the apacet ABE aiKi A,B,E„ am 
shut off, and oommnnioite onJy with the passage* B and il„ through which tfaa iraler 
is disohacged when il has dona ita work. 

Mr. Armatrong, of Newcastle, oonttriicted a walar-pretaure wheel oraboat S H. P., la 
1841, a description of which will be lixtnd in the " Median ic'a Haprane," vd. lltiL 

UUntan. — We tfaall oonotade by some aocmnt of the literBiure and slatiMle* of 
' waMrpresmre anginas. Belidor, in the " Architecture Hydraniique," describes a watet- 

Seesure engine with a boriKintal working cylinder ; and memions, also, ibac, in 1731, 
M. Denisard and Da la Duaille had conaimcied a water-preunni engine. Bat this 
naohinn \itA only S feet fell, and raised aboal j), part of the weight of the power water 
to a height of 33 feet It appears piettycertain, however, that the water-pressore engiae 
was employed for raising water IVoin mines, flntby Wintenchmidt,and soon afterward* 
iy BSII. The details of this historical fact are to be (bund In Butse'a ■ BetrachRing der 
WinterBchniiJtundRBIl'aDbenWas*errilaleomMahinB,&o^Fr(riberf, 1S04." A diawing 
and descripiion of Winletsohmidi's engine i« given in Calvur's " Historisch chiono|s(. 



Windmills. S41 

Kaebriefal, Ik^ des MaachinenweMns, kn^ auf dem Oberharze, Brtnnflehweig, 1763." 
Hdll's engine is described in Deliua's ** Introductioa to Mining," originally pabtisbed at 
Vienna, 1773, and in the description of the engines ereoted at Schemnitz, bf Poda, pab- 
lishedatPtagne, 1771. 

Smeaton mentions tlie water-pressure engine in 176^, as an old invention, improyed 
by Mr. Westgarth, of Coalcieugh, in the county of Northumberland, at which time several 
)iad been erected, in different mines, on Mr. Westgarth's plan. &p Smeaton*s ** Report," 

^f^valbick, Uie celebrated Cornish engineer, also invented or reproduced the water- 
pressure engine; and erected one, still at work in the Druid copper mine, near Truro, 
about the year 1793. See Nidiolson's **Operative Mech." 

The water -pressure engine is now in use in nearly every mining district in the world. 
^e Bavarian engineer, Reichenbach, greatly improved and has made a most extensive 
■p|iUeation of this power for raising the brine to the boiling establishments in the 8alz- 
iMQif district. These engines have never been accurately desoribed, bat notices of them 
WJR te Ibund in Laagsdorfs ** Maschinenlrande,"in Hachette's <*Treit6 ^Umentaire des 
Ifachmes," and in Fhichat's " Trait^ ^i^entaire de M^canique." The engines erected 
by Brendel, in Saxony, are described in Gerstner's '* Mechanik," where also the engines 
im Karinthia and at Bleiberg are described in detaiL The water-pressure engines in the 
Miemnica district are described by Schitko, in his " BeitrSgen sur Bergbaokunde." Jor- 
dan has given a rery detailed account of the engines at Clausthal, in Karsten's ** Arohiv 
Ar Mineralogie," &o., b. x., published as a separate work by Reimer, of Berlin. Junker 
ttaa described his engines, at Huelgoat, in the '* Annales des Mines," vol. viii 1836, and 
ibe description is published as a separate work, by Bacbelier. 

No description of the engines erected by Mr. I)eans, of Hexham, has been published, 
lliey are, however, simple and efficient. The engine erected by him at Wanlo({khead, 
kk Scotland, in 1830 dr 31 , having the Aill^bob for working the valves, is one of the largest, 
and conddered very sAoient 

But the water-pressure engine erected in 1843, at the Alport Mines, near Bakewell, 
in Derbyshire, and several others on nearly the same model, are perhaps the most per- 
fect of ^is description of engine hitherto made. These engines have been constructed 
from the designs of Mr. Darlington, engineer of the Alport Mines, under Mr. Taylor, by 
the Butter^ lion Company. There is a beautiful model of the first erected at Alport, 
in the Museum of Eoonomks Geology, but no description of it has yet been published. 
Its arrangement— the construction of its parts*— the valves, and their gear-^are each of 
liMa BdminMe attd peculiar to this aagine, though, in its general features^ it resembles 
the fngiaes of BnuMlel, and Junkert and Jordan, which have been described.— Tb. 



CHAPTER VII. 

OK WINDHILtS. 

§ 205. WindmSli. — The atmoepheric currents caused by a local 
expansion of the air bv the snn's heat, are a source of mechanical 
effect, as is the expansive force of air heated artificially. 

The machines, reopients of this wind power, are windmills (Fr. 
roues d vent; Ger. Trindrdder). They serve to convert a portion 
of the vii viva of the mass of air in motion into oseful effect. As the 
direction of the wind is more or less horizontal, windmills or sail 
wheels usually have the axis nearly horizontal, that is, they are 
themselves nearly vertical. 

Horizontal windmills, having concave backets or saQs, have been 
erected. The force of the wind against a hollow* snrface is greater 

29* 
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than against a plane or a convex snrface, and henee such a wkeel 
revolves under very light winds, but not advantageouely for the pro* 
duction of mechanical effect. 

Bemark, For iome acooant of Beetson^s horizontal windmillt, ms Nicholson's **pnu:ticBl 
Meobaoks,'* and Gregore ** Mechankr," toL it 

§ 206. The advantage of sail wheels over any constmction of 
bucket wheel is, that for the same weight, or in the same conditions 
generally, they produce a greater effect than these latter. We 
shall, therefore, m what follows, confine ourselves to the considera* 
tion of sail wheels, of which the general arrangement is as follows : 
First, there is the axle of wood, or better, of iron. This shaft, or 
axle, is inclined at an angle of from 5 to 15 degrees to the hprizon, 
in order that the wheels may hang free from the structure on which 
they are placed, and also because the wind is supposed to blow at 
an inclination amounting to that number of degrees. This axle has 
a heady a neehy a 9pur trAe^I, and a pivot. At the head are the 
arm9 — the neck is the journal, or principal point of support on which 
it revolves. The spur wheel transmits the motion to the work to be 
done, and the pivot, at the low end of the axis, takes up a certain 
amount of the weight and counter-pressure of the machine. The 
loss of effect arising from the friction of the axle on the points of 
support is considerable, on account of the great weight and strain 
upon them, as also on account of the velocity with which it generally 
revolves, and hence every means must be taken to reduce it. On 
this account, iron shafts and bearings are to be preferred to wooden 
ones, as they may be made of much less diameter. The diameter 
of a wooden neck being 1| to 2 feet; that of an iron one substituted, 
need not be more than 6 to 9 inches. The friction of wooden axles 
is also in itself greater than that of iron. 

§ 207. Windmill Sails. — A windmill sail consists of the arm or 
wkipy of the ero$$ bar$y and of the clothing. The whips are radial 
arms of anv required length, up to 40 or even 50 feet, usually about 
30 feet. The number of arms is generally four, less frequently 5 or 6. 
For 30 feet in length, these arms are made 1 foot thick by 9 indies 
broad at the shaft, and 6 inches by 4} inches at the outer end. 
Tlie mode of setting them in, or fastening them to the shaft, is 
various. When the axle is of wood, the arms are put through two 
holes, morticed at right angles to each other, thus getting 4 arms. 
The arms are sometimes made fast by screws to the shaft nead, like 
the arms of a water wheel, and we refer to our description of watf^r 
wheels for hints applicable to this subject. The bars are wooden 
cross arms, passing through the whip, which is morticed through at 
intervals of from 15 to 18 inches for the purpose, at right an^es to 
the leading side of the whip. According as the sail is to have a 
rectangular or a trapezoidal form, the bars are all of the same length, 
or they increase in length from the shaft outwards. The first oar 
is placed at 4 of the length of the whip from the shaft, and its length 
is » to this 4 to i of the length of the whip. The outermost bar is 
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HMMle from | to f of the length of the whip. The whips are not 
MBerally made the centre line of the sails, bat they divide them so 
uiat the part next the wind equals from | to } of the entire width ' 
of the saiL Thereforoi the bars project much less from the one side 
than from the other. The narrower side is nsually covered by the 
so-called mndboardj and, on the wide side, the winddoor or a sail- 
cloth clothing is used* 

The sails are madeplane, or surfaces of double curvature, u e.y 
warped, or concave. The slightly hollow surfaces of double curvature 
give the greatest effect, as we shall learn in the sequel. For plane 
sailsy the bars have all the same inclination of from 12 to 18 degrees 
to the plane of rotation* In the double-curvature sails, the first 
bars are set at 24^, and the outer bars at 6^ from the plane of rota- 
tion^ and the inclinations of the intermediate bars form a transition 
between these two angles. To give the sails concavity, the whips 
must be curved, as also the bars. Although, according to the theoin^ 
of the wind's impulse, this form gives an increased effect, the dim- 
culty of execution renders it nearty inapplicable. The ends of the 
bars are connected or strung together oy uphnge^ and sometimes 
there are 8 of these uplouffs on the driving and 2 on the leading side 
of the sail, to strengtnen uie lattice on which the sailcloth lies, on a 
series of frames of not more than 2 square feet each. 

§ 208. PoetmUU. — As the direction of the wind is variable, and 
the axis has to be in that direction, the support of the wheel must 
have a motion on a vertical axis. 

According to the manner of effecting this rotation, windmills may 
be subdivided into two classes : the postmill (Fr. moulin ordinaire; 
Oer. BoclcmUhle)y Fig. 821, and the smockmill, or towermill (Fr. 
moulin SoUandaie; Uer. HoUdndischej or ThurmmiMe). 

In the postmill, the whole structure turns on a foot, or centre ; 
and in the smockmill, only the cap, with the gudgeon and pivot bear- 
ing resting on it, turns. 

Fig. 821 is a general view of a postmill. AA is the post or 
centre, BB andl^j^j are cross bearers or sleepers, framed with 
struts and D, to Bupport the post. On the top of the framing 
there is a saddle JB. jlie mill house rests on two cross beams FMj 
and on joists GG^9a also on the cross beam jETon the head of the 
post, wmch is fitted with a pivot to facilitate the turning of the 
whole fabric. The axis turns in a plumber* block iV, generally of 
metal, sometimes of stone (basalt), lyinff on the beam MMy sup- 
ported on the framinc 00. KP^ KjPj sc, are the arms, passing 
through the fthaft and carrying 4 plane sails PP, ftc. The figure 
represents a nindingmill, and, hence, the wheel transmitting the 
power, 12, wonks into a pinion Q, driving the upper millstone S. 
In order to turn the whole house, a long lever, stronsly connected 
with the beams EF, projects 20 to 80 feet from the back of it. This 
lever is loaded, to counterbalance the weight of the sail wheel, &c. 
When the mill is set in the right direction, the lever FT (cut off in 



the figure), ie anchored and held fast, and geberslly tbere is a smfall 
uoyable capstan for getting power to tnm the mill house, ftc 
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S 309. Smoehmlb. — Smooknulk are made ia tvo diflbrent mjs. 
Either the movable cap encloses the windshaft alone, or a greater 
part of the mill house, from the windshaft downvards, taroB on a 
vertical axis. The motion of the sail wheel is transmitted hy a pur 
of wheels to the king pott, that is, a strong vertical axis going 
through the whole height of the mill hooee. In order that the 
wheels may be in gear in every positioD of the windshaft, it is 
necessary that the axis of the one shaft should intersect that of the 
other. 

Pig. 322 represents the latter arrangement, which is, in fact, inter- 
mediate between the postmUl and the smockmill. AA is a stationary 



tower or pyramid, raised above which is the building containing 
the machinery, in driving which the power is coneomed. '2>J> is the 
movable top of the mill, supported by the wooden ring FF, and by 
the wooden ring GF&, by means of the uprights £F and J?,£„ and 
whicfa only admits of rotation round these, which are, in fact, the 
substitnte for the poet in the postmill. The mill wheel is drawn ' 
round by a capstan R, attached to the lever J7, framed by the stairs 
to the movable part of the structure. The windshaft ia of cast 
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irui, and rests »t M and iV in plumber blocks, lined witb brutes. 
uid P are iron-tooUied wheels, f<or trsnemittinK tke motiot) of the 
wind slukfl to the nprigbt, or Mnff pott PP. The windsailfl UlS, 
JiiS. . . are wu-ped surfacoB : the armB ar« fostened hy screws into 
the cast iron socket piece R, atUohed hj wedges to the head of die 
windshaft. 

The upper part of a smookmiU, properly so called, is eholra rn 
Fig. 328. AA is die upper part of the tower, or mill hooBej ba(H 

Fig. 383. 



of wood, or of maBODiT. £B is the movable cap, CDS is the wind 
shaft, ^J^ the arms of the sails, strengthened by the ties GF, Q-F, 
snpported by a king post EG. ^and L are berelled gear for trans- 
mitting the power ntim the windahaft to the vertical waft. 

The sails are set to the wind, sometimes by teeans of a lever, as 
described in reference to the iMt-mentioned conetrnction of cap, bat 
sometimes by means of a large wind vane, the plane of which is in 
that of the axis of the wind shaft, but more generally by means of 
a small windmill S. That the cap may revolve easily, it is placed 
on rollers «, c,e... connected together in a frame, and running 
between two rings, one of which is laid on the summit of the tower, 
the other is attached to the under side of the cap. To prevent the 
cap fl-om being raised np and displaced, there is an internal rinff d, 
which has likewise friction rollers running on the internal sornce 
of a a. When this method of adjustment is used, the outer surface 
of a a is toothed, and a small pinion e working into it, is moved by 
the auxiliary windmill, by means of the berelSd geaxf uiig, Fig. 
* 828, and thus the whole cap is made to revolve, nntil the auxiliary 
wheel, and therefore the axis of the windshaft a is ik» dli^etion 
of the wind. . . . : ' 
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, 1 310. lUffHlftion of the Poiwr.— Ab the wind raries in intensity 
w well SB in direction, when the work to be done is a constant resist- 
%iiee, unless aome means of regulating the power be applied, the 
mota(m, of the maohioer; would not be uniform. One raaane of ab- 
W^mff any flzcau of power, is a foiction strap, applied to the out- 
side of the wheel on the windahaft. Another means is, to vary the 
•xt«at oi sail, or the qnasUty of clothing, exposed. When the sails 
are anito spread out, the maxianin power depends on the intensity 
of the wind, and if this intensity be constant, the power may be 
varied by taking in more or less of the clothing of the sail. When 
the clothing is eanras, the regulation of power is easily managed by 
reefing more or less of it ; and when the clothing consists of hoard- 
ing, the removal of one or more boards answers the same end. 

Self-adjusting windMila, thafc is, sails which extmd their surface 
as the force of the wind decreases, and contract it as this force 
increases, hare been sncoessfully applied. The best windsails of 
tiiis kind are tboee invented by Mr. Cnbitt, in 1817, and of which 



F]g,.824 represent! the MotioQ of a part. Aisa. hollow windritsft, 
But, rod pauing throng it, 0J> a ratchet fastened to 30, bo that 
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it does not tarn with it, bnt Benrea to move it in the cUreotionof 
the axis. 

The r&tchet works into a toothed wheel E, on the same axis as the 
pnlley F, round which there paaaeB a string with a weight Q-. The 
Bail clothing consists of a seriee of boards, or sheet-iron doors hd, 
£.?,, jcc, moTsble by the arms ae, a,e^, &c., roaad the axis e, e„ tc. 
These arms are connected by the rods cm, a^e^, &o., and by the lerers 
Or cranks, de, (2,e„ with toothed wheels d, a„ bo ttmt, by the taming 
of the latter, the opening and closing, or, in general, the adjuHment 
of the flaps or doors is possible. 

There are besides, levers BL, BL^, Fig. 325, revolTiDg on centres 



K and K^, and attached at ooe end to the rod BC, and at the other 
to the ratchets LM and LJU^, working into the small wheels d and 
(2,. The drawing explains how the wind, coming in the direction W, 
works backwards on the counter-balance weight 0-, which is adjusted 
so that the surface exposed shall be that required t« do tiie work 
regularly, always supposing that, for the maximum sarfkoe that can 
be exposed, there ie wind sufficient. 
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iheM is to eovet mora or lees of the «U frame, according to the foroe of the wind. This 
plan is described in detail in Barlow^s ** Treatise on the Manufactures and Machinery, 

&a&c." 

• 

{ 211, Direction qfthe Wind. — The (direction of .the wind may be 
»B7 of the 82 points of the compass, but the indications are een- 
emlly noted as one of the 8 following: N., N.E., £., S.E., S., S?K., 
W*9 K.W., {. e,, north, north-east, east, south-east, south, south-west, 
west, north-west; or naming them according to the direction from 
whic^ they blow. In the course of the year, the direction of the 
wind is more or less frequently from each of all these directions ; 
some winds blowing more frequently than others. . From Kfimtz's 
^' Meteorology,'' we extract the following table of the winds that 
blow during 1000 days, in different countries. 



Country. 


N. 


N.E.' 


£. 


RE. 


S. 

1 


S.W. 


W. 


N.W. 


Germany • / 

England 

France 


84 

89 

126 


98* 
111 
140 


119 
99 
84 


87 
' 81 
. 76 


97 
111 
117 


185 
$25 
192 


198 
171 
155 


131 
120 

no 



We see from tliis that, in the three countries named, the south-west 
wind predominates; the passage of the wind from one direction to 
another is usually in the course from S., S.W., W., &;c., and seldom 
in the opposite course of S., S^H., .£., JSQ. That is, the latter course 
is generally only taken through a small an^le, and then retraced. 

The wind vansy or f^te {¥'t. f/irotiiM^f Jlouette ; Ger. Wind- or 
WeUeffahne)j gives the direction of the wind. To give it facility of 
movement, the friction on its pivot or collar must be as small as pos- 
sible, and henc6 the blade or plane of the vane has to be balanced 
by a counter-weight to bring the centre of gravity line to pass through 
the axis of rotation. (Whether the forkn resulting firom this combi- 
nation gave rise to the term weathereock (Fr. doq d vent; Ger. WeU 
terhahn)y or whether '^a king^sher hanging by the bill, converting 
the breast to that point of the horizon from whenee the wind doth 
blow, be the introducing of weaihereoehe^*' we cannot pretend to say.) 

I 212. Intensity of 'the TfiW.-7^The mi^ller is, however, depend- 
ent on the intensity of the wind, and not on its direction ; for on 
the former the mechanical effect to h^ obtained from given wind- 
sails depends. 

Accordingly, the velocity of the wind is 

Seareely sensible for 
Very gentle wind for 
Gentle breeze for 
Brisk breese f(Hr 
Good brecM for windmills. 
Brisk ipale fear 
High wind for 
Very high wind for 
Storm for 
Hurricane 
vol.. !!• — 80 



Ufeet 


per 


second. 


8 




(( 


6 




a 


18 




a 


22 




n 


80 




a 


46 . 




ti 


60 




(( 


to to 90 




ik 


100 or more. 
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A breeze of 10 feet per secona is not in general sufficient to driTB 
a loaded windsail, and if the velocity rises above 85 feet per second, 
the intensity becomes too nftich for the strength of the arms^ unlete 
the clothing be very close reefed, and stormy weather is dangeroug 
even to "bare poles." 

Windgauges, or anemofneter$j are nsed for ascertaining the velo* 
city of the wind. Many anemometers have been proposed and 
adopted, but few of them are sufficiently convenient or trustworthy 
in their indications. The anemometers have gi'eat resemblance to 
the hydrometers described in Vol. I. § 876. The velocity of a cur- 
rent of air may be measured by noting the rate of progress of a 
body floating in it, as a feather, smoke, soap bubbles, smaU air 
balloons, &c. This means will not suffice in the case pf high velo- 
cities, for the eddies, that invariably accompany wind, disturb- the 
progress of such bodies. 

Anemometers may be divided into three classes. Either the velo- 
city of the wind is deduced from that of a wheel moved bv it, or it 
is measured by the 'height of a column of fluid, connterbalanoing 
the force of the wind, or the pressure on a given surface is deter- 
mined. We shall give a succinct account of each of these methods. 

Bimark» There is a very complete treatise on Anemometers, in the ** Allgemeinen 
Maschinenencyclopftdie, by HGlsse." In tlie transactions of the British Association fbr 
1846, there is a re|iort, by Mr. J. Phillips, on Anemometers, in which the esMntial points 
to be aimed at in these instruments, and the merits of those of Whewell, Osier, and 
Lind, respectively, are discussed. The chapters on Wind, in Kamtz^s ** Meteorology," and 
in Gehler's ** WArterbuch,*' are standards of reference on this subject 

§ 218. Anemometers. — ^Woltmann's wheel may be used for ascer- 
taining the velocity of the wind as conveniently as it is for ascer- 
taining the velocity of currents of water. When its axis of rotation 
is set m the direction of the wind, which is insured by means of a 
vane set on the same vertical axis with it, the number of revolutions 
made in a given time mav be observed, and from this the velocity may 
be deduced, as explained, Vol. I. § 878, by the formula vms v^ + auy 
in which v^ is the velocity of tUe wind, for which the wheel begins 

to stop, and o is the ratio ?. If the impulse of the wind were 

u 

of the same nature as that of water, and if they both increased 

exactly as the squares of the relative velocities, then a at _11^ 

u 

would answer for wind and water, but as this is only nearly true, 

we can only expect that the co-eflScient o is nearly the same for wind 

and water. As to the initial velocity v^ this is, m the case of wind, 

about v^SOO Mi 28,8 times greater than for water, as the density of 
water i^ about 800 times greater than that of air ; and thence a 
column of air 800 times as high as that of water, or the impact 

of a stream of v/800 » 28,3 times the velocity of the water. This 
high value of the constant t^^, makes it necessary to oonstmct 
the anemometer sails with great lightness, and to have the axis of 
hard steel running on agate or other hard bearings ; as, for instance, 
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ra Combe's anemometer. The conBtantB v^ and u are generally 
delermined by moving the inBtnunent tlirough air at rest; but this 
method ta objectionable, because the impact of a fluid in motion 
ja not the same as the reaistance dt a fluid at rest (Vol. I. g 891 J. 

It is better, on every account, to deduce the conBtanta from expe- 
riments on currents of air, deducing the lov velocities by direct 
obaerratiooB on light, floating bodies. By placing the instrument in 
die main pipe of a bloning engine, the observations for calculating 
the oosstants might be made. The calculation oF constants from 
a series of experiments for which v and u are known, should be done 
as shown in Vol. I. § 879. 

§ 214. Pitot's tube may also be very conveniently applied as an 
aaemometer. This is Lind's anemometer, and its arrangement is 
shown in Fig. 826. AB and BE are two upright 
glass tubes -j^ of an inch in diameter, and filled Fig. 33e. 

wHh water, and BOB is a narrow, bent, connect- 
ing piece between the two, of only j>g inch diame- 
t^.. FQ- ia a scale, by which to read off the height 
of^tke water. When the mouth A is turned to 
the wind, its. force preeaes down the column in 
AB, and raises that in BE, and hence the dif* 
ferenoe of level between the two surfaces may be 
read on the scale h. From this, the velocity of 
the wind may be calculated by the formula 
w V, + a ^h; Vg and a being oo-efficients de- 
duced from experiments for oacb instrument. 

The use of this instrument is very limited, as 
pressures which move the water to a difference of 
level of jig of an inch can scarcely be noted ac- 
curately, but may be estimated toy^ or ^^, This gives 5 to 7 miles 
per hour as the Umit of wind velocity really meusurable. To obviate 
thesa disadvantages, and render 

tjie instriiment useful for mo- Fig. 337. 

derate velocities, Robison and 
WollaBton introduced the fol- 
lowing improvements. 

In Robison's anemometer 
there is a narrow, horizostal 
pipe SR, Fig. 827, between 
the mouthpiece A, and the up* 
right pipe BO; and there is 
poured as much water into the 
instmrnent, before using it, as 
brings the surface F to the 
level of MR, and filling the 
small tab* to ff. When the 
month A ia turned to the wind, 
the water is driven back in the narrow tube, and a column FF„ 
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counterbalancing the force of the wind, rises in the tube DB, Jbut 
which is measurable by the length of tube HH^^ in which the water 
has been driven back. If d and d^ be the diameters, and h and A, 
the height of the columns FF^ aifd HH^^ then 

5^ A - ^^K "d - *- (j)* *^ ^' *> - (jy*wAiw»i^»y» 

^1 than A, and can, therefore, be read with 

much greater accuracy than A. If — b 5, then the indications in 

BH^ are 25 times greater than in FF^. 

Again, the differential anemometer of WoUaston, shown in Fiff« 
828, may be used for ascertaining the velocity of the wind. This 

instrument consists of two vessels B and (7, 
Fis. 89S, und of a bent pipe DEF^ which unites the 

two vessels by their bottoms. The one ves- 
sel is shut at top, and has a side orifice A^ 
which is turned to the wind. The instru* 
ment is filled with water and <nl. The former 
fills the two legs to about }, and the oil fills 
them up, and occupies part of each of the 
vessels. The force of the wind raises the 
water in one leg higher than it stands in the 
other, and the amount of this force is mea« 
sured by the difforence of pressure between 
the water column FF^, and the oil column DD^* If A ■■ the height 
of each of these columns, and t « the specific erarity of the oil, we 
then have in the last formula A (1 — < «), instead of A, and, therefore, 

v M v^ + a v/ (l — t) A. If, for example, the oil be linseed, t — 0,94> 

V « Vo + a •(I — 0,94) A - Vo + • v'OjOe . A ■- t^^ + 0,245 « •A, 
or A is ' 2® » 16f tipaes as high as in the case of the tubes being 
simply filled with water. By mixing, or combining the water with 
alcohol, the density of the water may be brought even nearer to that 
of the oil ; and, therefore, 1 — * • becomes still less, or the difierence 
of level to be read ; and, therefore, the accuracy of the reading is 
increased. 

§ 215. Anemometers, analogous to the stream quadrant (Yol. I. 
§ 881), have also been propos^ and applied on the same principle, 
there being substituted a thin plate for the spherical ball uaea in 
gauging water streams. But a very thin metallic sphere is certainly 
preferable to a thin plate, for then the force of the wind remains the 
same for all inclinations of the rod to which it is attached, whereas it 
changes with the angle of inclination of t he thin plate ; whilst, when 

a sphere is used, the formula v«> 4 y/tang. $ (in which /i is the 
deviation of the rod from the vertical), is sufficient. The application 
of a thin plate involves a complicated expression for the calculatiou 
of the velocity. 
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■ Lastiy, the velocity of the wind may be seeertnned by the force 
■wUh vluch it acta directly on a plane surface opposed to it at right 
Angles, and for this the inBtruntenta used are more or leBS simUar 
to the hydrometer, described in Vol. I. § S82. If the law of the 
impact of wind were accurately known, the velocity of the wind 
might be determined without further research by these means. But 
thi« is not the case, and the formulas given in Vol. I. § 890, and 
the co-4Bicieot oven in § 892, lead to only approximate rasalts. 
Retaining theae, nowever, for the present, or putting the impulse of 
the wind 



-P-f. 



.Fy, 



or, rendered in English measures, as 

i. . 0,0155, P- 0,02888 i^ Fy, 

and if the density of the air y ■> 0,07974 lb. per cubic foot, then 
P — 0,002299 or 0,0023 v' F, and •.• for two square feet of sur- 
face: 



p- 


0,0023 v\ . 


W- 


^0,0028 


20,85 ^P feet. 




Tat vslocitiei 


10 


13 


20 


35 


30 


3S 


40 


45 


30 
f«eL 


lbrceorihRwin.1 


0,S45S 


0,0934 


0,9W 


1,534 


9,309 


8,007 


3,098 


4,B71 


e.I379 



Admitting the above premises, the force of the wind on any sur- 
face at right angles to its direction may be eaaily calonlated. 

§ 216. Force a^ Wind. — We shall now study more closely the 
effect of the impulse of wind on the sails of windmills. Let us, for 
this purpose, conceive the whole sail surface divided into an infinite 
number of normal planes on the axis 
of the sail or arm, and suppose OD, ^^ 329. 

Fig. 329, to be such an elementary 
plane. Owing to the considerable ex- 
tent, and particularly owing U> the 
great lenj^h of a sail, we may aasume 
that all the wind of the column press- 
ing on the surface OD, coming in the 
direction Aff; will be tnmea off by 
the impact in directions parallel to CD, 
and, therefore, we may make use of the 
formulas in Vol. I. § 888. If c— the 

velocity of the sail, Q the quantity of wind striking on OD per 

aetxmd, y ^ the density of the wind, and > ^ the angle OAff, which 

the direction of the wmd makes with OD, then, on the assumption 

80* 
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t]iBt the pluie CD moves svay in tbe direction of the mad, the 

normal impnlse of Hie wind on CD, ia S"^ ~I - «tn. « . Q 7. 

Putting the section ONt^ Q-, then the quantity of wind Q oonf- 
ing into action, is not <}■ c, but (« — v), as ^e sail, tnovoig with 
t)w reliMHtj ff, leaTee a Bpa«e ^l' vbelund it, which takes op a proper- 
tion of the qnantitj of wind 0- c following it, equal to ^ v, withmt 
nndergoing any ohaoge of direction. Hence, the normal impulse 
nay l» pat 

jr. in? trn. a . (c — r) t? y - i^r:^ rin. . ff r. 

or, if J* B the area of the element CZ>, and we ssbstitste ^ ttn. « for 

ff, then JT- llZlliLrin. •• J",. 

Besides this impuhte on the face of CD, there is a oountw action 
on the back; inaemacb as one part of wind, passing in the directions 
CE and DF, at the outside of the plane, t^es an tidying motio& to 
fill up the space behind, and c<Hi8equently loses pressure ooTreepo^dr 
iug to the relative velocity (c — v) nn. o, and represented by 



(»-")■ 



«tn. t? . Fy. If we combine the two eifiecte, we get the 



normal impulse of the wind on the element F of the sail : 

9 ^ 2? 

§ 217. Bett Angle of ImpuUe. — In the application of this formula 
to windmills, we have to bear in mind that 
Fig. 330. the windsail BC, Fig. 380, does not move 

away in the direction AR of the wind, but 
in a direction AP at right angles to it, 
and hence, in the formula 
JV— 3 . il^^wft. •'. Jy, wehavetOBub- 
stitate, for V, the velodty Av^ b v„ with 
which the windsail moves in reference to ^e 
direction of the wind. If v * Ac actual 
velocity of rotation A v (Fig. 380), then 
Av^ s V, — o cotg. Av^v ^ v eotg. • ; and, 
therefore, for the cue in question : 

l%iB normal impulse ia to be deoompoeed into two others, .P and 
A, one acting in tne diretitioD of rotation, the other in the direction 
of ^ axis of the ^mwt of the sail ; then 

T, -KT 0(0 »in. a — V cot. ■)* , Tj ^„. 

P -■ Ncot. • — 8 i ^ '- C9t. a . JTy, and 

2ff 

R" 2f nn. • — 8 i -^ «n. » . Jry. 
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By mvltiplying by the velocity of rotation % we get, from tlie 
formula for P, the mechanical effect of the windeaiL 

L^ Fv^^ ^ L V 009. • . JP y. 

The parallel or axial force My gives no mechanical effect, bat on 
the contrary iacreasee the prefleure on the pivot or footstep at the 
lower end of the windshaft, and so gives rise to a feM of effect. 

The la^t formula indicates, and it is self-evident, that the effect 
increaaes with the velocity e, and with the area JP; but it is not so 
evident from it, how the angle of impulse a, affects the mecha- 
nical ^ect produced. That L may not be » 0, c Bin. a must be 

> tf ct^. a; that is, tanff. « > -, and cos. « > 0, and, therefore, 

c 

« < 90^. There must, therefore, be a value of o between the limits 
tony, a > -, and « < 90^, corresponding to a maximum value of L. 

To find this value, let us instead of a put m + x^x being a very small 
angle. Then we have #m. {• + z)mm sm. • cob. x 4- cob. a m. Xj or 
putting COB. x^lj and Bin. x being put ■* Xy 
em. (• 4- ^) «* Bin. ajK « 0M« •» farther: 

COB. {a + x) mm COB. « COB. X + Btn. m Bin. X » COB. c, + X Btn. a, and 
these values give us as the effect : 

L M ^^ — Fy I Bin. a COB. a ycOB. •, 

2g ^\ c / ^ 

ft jj^ ft M — «-> — — 

£j«s— — Fy{[Bin*a+ X COB.a {C0B.a+XBin.m)y{c0B.a+XBin.a)) 

zg — c 

Q J^ M ft ft !■ I - 

OB ~-^Fy{Bin.m cas.a + (cob.q,^ - Bin.tk)xf{coB.fk + x Bin. a) 

2g c — c 

^ il-f Fy {Hn. m — - COB. •)• COB. • 

Zg c 
+ [2(«tn.» cotf. a)(<;M.a -4-~ sii»,«)0M,e — (sm,a COB* o)* 

sin. •] a? + )) &c., Jcc 

t# ^bS ab ^M 41 

as X 4. -.-- — ^y ([2 (nn. • coB.m) {cob. • -f - nn. •) cob. • 

— (Bin. « (Jo». a)* Bin. •] « + Ac) 

In order that a may give the maximum value, L^ must be less 
than Ly « being increased or diminished by s?, that is» x being 
positive or negative. But the last formula gives in the one case 
Z| > Ly and in the other <r Lj m long as the second member 



3e 



^Fy [....] a; is a real quantity. Therefore, for obtaining 



- ^ 

the maximum value, it is necessary that this second Btember should 

be 0, or, that 
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2'(sin.a— ^COt.o){CO».a + -»in.a)ei>».a — («».« — -CO«.a)*«lll.a— 0, 
or 2 (eos. * + - <*»• a) tot. a is («V». a eoa. a) ain. a, 



Dividing by eo». ■*, and patting — — — (anj^. a, we hare 

tanjTr »' tang. « — 2, 

from whidi we dedncs aa the angle for tbe maximam effect; 

Ae, in the windsails, the outer elements of the stal have a greater 
velocity than those nearer the axb of rotation, it foUowa that the 
otiter part of the sail should be set at a greater angle of impolse than 
the inner, in order to insure a maximum eflect. Hence the saik 
must not be plane surfaces, but "»utfacet gauchet," or -surfacea of 
double curvature, warped so that the outer part deviates less ft'om 
the plane of the axis of rotation^ than the inner part. 

Raiiarlr. Tim moat ulvantagetwi angle* of impnlM at* ■ nil, irar **"> be asorrtained 
bjr tlw Jbllowiog oonitrueiion. Fig.3Sl, 
nke CSac1,«et off Ci — v^at nglit 
■Dglaa la it, L «^ ihti disgDoal or a iqinre 
on CB. and draw JB. Tbe laHf. JBC 
^y/-2. ami, iherrfoTP. 
' Z JBC — 54°, 44'. b", wbicb i> tlie a^p 
of impuliie cioee up to the axis of rotation. 
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If in jtk ■ . v ., u>e mails e the Telocity 

of ihe wind, and it tbe angulai -*BlaailT, 
Biwi for I Buceeaiively, the dislar>ce of ibe 
*ail ban ttani Ibe windebaft hui, iwd MC 
off tbne vBluei of g from C on CB as 
CD,, CDp CD,, ta. Funbrr draw the 
by^poibcnuKS ^0„ JD, JD^ Ac, and 
prolong tbem, so ibm D^E,^CD,. I>,E. 
n CDf. D,E, _> CDg &0. Lanly, Jny 
off jfi,. JEf AE, 11. the direction JC ■ 
ai AC,. JCf ACf &Ct laiw ai C,, C,. C, 
&0, ibe perjiemlit-iilare C,B„ C,B If 
&c, B CA B I . and draw ^B,. .^/f, ^f ., 
fa., then -*F,C„ JfljC, .iBjC^ fa., aie 
die anulM requirad; tru 

tang.AB.C,am:^^:^^D.E, + AD.==y. + y/'y7+2, 

§ 218. The Mechanical Hffect.—'She formula for the best ang^e 
of the sails may he used ooaversely to determine the best velocity of 
rotation for a given angle «. For this 
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tang, o' tang, o b 2, 

c 

and, therefore, very simply, 

V as / ^'^cg' • \ ^ ^^ (eaiwr. • — 2 cotang. a) ^. 
\ tang, a / 8 8 

If we put this yalae in the formula for the mechanical effect, we 
have 
r 8 tf* „ tang, a? — 2 e / . eaiwr, a* — 2 ^^ \* ^^^ 

2g tang, o 8 \ 8 tonj. • / 

8s 4 _F (<gngr. tt^ — 2) co$. •' . ^w (8 «n, a* — 2) 
* 2g sin. •* . * 2g * nn. a* 

The theoretical effect of a windsail, may hence be calculated for 
any given velocity of wind, and of rotation. From a given number 
of revolutions per minute, we have the angular velocity 

<d » ^ B 0,1047 . u. If the whole length of whip be divided into 
80 

7 equal parts, and if, as usual, the sail begins at the lowest point of 

division, so that its total length ■■ f 2, we can very easily, by means 

of the formula 

calculate die best angle of sail a^ a^, o^ &;c., or for each of the points 

of division of the whip, by substituting successively 

I 21 8Z ^ 7Z_ , 

t\, ■■•••—, t^i ■■« • -C-, V, ^». — ....toir^*«»«-^or#»(. 

If, further, h^ (j, &, • • • ^e ^ ^^ width of sail to be put on each 
of these points, we can calculate, by aid of Simpson's nue, from 



•J • 



\ stn. a^ / \ sin. a,' / \ WW. V / 

mean value ib, and, hence, we arrive at the whole effect of the sail' 

X » I jb y . f Z . ^_, or, more generally, l^ being the length of mZ, 

properly so called, X ib | y Ar {j— . 

zg 

If the sail were a plane surface, that is, if « were constant through- 
out its whole extent, then, by means of 

we should first calculate the correspondiiig values : 
nn. a ^eo%.9\ ^ea$,m. b^inn^m ^eo$^a\ -& cot. • • ft^ &c., 

and then from these, by Simpson's rule, deduce the mean value ik|, 
and introduce this into the formula for the mechanical effect dove- 

loped, i » 8 y Aj . Zj . — . 
If n be the number of sails, we have of coume to multiply the 
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last found value by this number, to get the i?hoIe mechanical ^eet 
developed by the windsail wheel, or L ^Z^yk^l^ — . 

ExampU 1. What angle of impulse is required for a winclsail wheel, the velocitr or 
ibe wind being SO feet, the number of sails 4, each being 24 feet in length, and 6 tt> 9 
feet in width? Number of revolutions 16 per miiiute. What will be the tfaeor^licai 
efiect of this windmill ? 

In the first place, the angular velocity « as 0,1047 . 16 as 1,6755 feet, and if the dis- 
tance of the first sail bar be 4 feet from the axis of the shaft, or the total length of 
whip B 24-f- 4 ■■38 feet, then for the 



IHsianoes: 



The velocities*. 

The tangents of the angles of 

impulse : 

The angles : 

The values of '. — ^. : 

The width of sails : 
The product of the two last: 



4 


8 


12 


16 


20 


24 


6,702 


13,404 


20,106 


26,808 


33,510 


40,212 


2,004 
63«,29' 


2,740 
69^57' 


3.575 
74«,22' 


4,469 
770,23' 


5,397 
79^,30' 


6,347 
81^3' 


0,5612 


0,7810 


0,8759 


0,9220 


0,9472 


0,9622 


6,0 
3,367 


6,5 
5,076 


7,0 
6,131 


7,5 
6,915 


8,0 
7,578 


8.5 
8,179 



28 JpeSt* 

46,914 ft. 

7,311 
82*»,13' 

0,9716 

9,0 feet 

8,744 



And from the last product the mean value : 

^ 3,367 -4- P,744 + 4 . (5,076+ 6,915 + 8,1 79) + 2 . (6,131 + 7.578) 

"" 18 • 

12,111 + 80,680+27,418 120,209 -^-^ , .- 
BB — ' — — X — ^ — 2 ai 6,679, and if we put : 

18 18 

y BB 0,07974 lbs. f / « 24, and il^ ■. 0,01 55 x 20* » 124, 

2g 
^en the efiiect qf this wheel : 

1 = 4 . \ : 6,679 . 0,0797*4 . 24,124 s 11,874 . 1,91 . 124 « 2798 feet lbs. » 5 horse 
power. 

ExampU 2. What eflTect may be expected from a windmill wheel. havin$s four plane 
sails, and the angle of impulse 75*^, the other dimensions and proportions being the same 
as those of the wheel in the last example 1 la this case 



The velocities of ratio — : 

c 

The diflTerences 

* V 

Stfl. A «— — €M, « : 

c 
The width ^: 
The products 

(sm. « .« _ rof. «)* 



X — oot. A 6 : 



0,3361 


0,6702 


1,0053 


1,3404 


1,6756 


2,0106 


0,8792 


0,7925 


0,7057 


0,6190 


0,5323 


0,4466 


6,0 

• • 


6,5 


7,0 


7,5 


8,0 


8,6 


0,4023 


0,7081 


0,9071 


0,9967 


6,9830 


0,8783 



2,3467 

0^3688 
9,0 feet 



a7034 



From the latter products we deduce, by Simpson's rule, the mean value 
K^^ [0,4023 + 0,7034 + 4 (0,7081 + 0,9969 + 0,8783) + 2 (U,9071 + 09830)] 

as JL (1,1057+ 10,3324 + 3,7802) » i^:^!^ s 0,8455, and from this we have the 

18 

effect required X«4 . 3 . 0,8455 . 0,7974 . 24 . 124 n 9390 a» 4,34 hone pow«r, in« 

stead of 5 horse power, found when the sails are warped, 

§ 219. Loss hy Frietum,'^A considerable part of the mechanical 
effect developed by the wind on the sails, is cotisutiied by tlie fric- 
tion of the windshaft at the neck, especially if the diameter of this 
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t 



bd great, as is not unfrequently the case. We may assume that 
the whole weight of the sail wheel bears on the neck, and thas leave 
out of consideration the pressure on the lower or back bearing. 
Although we shall thus find an excess of friction, yet this is com- 

Eensated by leaving out of consideration the friction arising on the 
ack pivot from the force of the wind in the axial direction. As 
the back pivot is much less in diameter than the neck or front gud- 
geon, thb simplification of the problem may be the more readily 
admitted. This being assumed, we have from the weight O- of the 
whole wheel, J'a/ (? a the friction, and if r » the radius of the 
neok, and w r the angular velocity, the mechanical efiect consumed : 

J^«r-/6)^«r-0,1047.t*/6)^r«/ayv, 

if V be the velocity at the periphery of the sail wheel. 

This being allowed, the useful effect of a windmill with plane sails : 

zg I 

and that of one with warped sails : 

From the formula: 

r 8 (tf mi. a — V COS. a)* „ 

Jj n — i _ L V €0$. a . ^y, 

for the theoretical effect of an element of a sail, we may deduce the 
influence of the velocity of the sail on the mechanical effect, and we 

find that for v cob. a a — ^1^ (compare Vol. II. § 118), that is, 

8 

fort; a ^—9 the effect is a maximum. If we introduce this 

value into the above formula, we get 

zg 

and from this we deduce that the effect will be greatest when the 
angle a a 90^, or v ms qo. These conditions cannot be fulfilled^ 
because, even for moderately great velocities, the prejudicial resist- 
ances, and more particularly the friction at the neck, consume so 
much mechanical effect, that the useful effect remaining is very 
small. The velocity of rotation should be great to insure a good 
efficiency, but it must in each case be made a special subject of 
calculation, as to what number of revolutions will give the maxi- 
mum effect. This can only be done by calculating the effect for a 
series of velocities of rotation, and from these choosing the greatest, 
or deducing it by interpolation. 

Example, Supposing tbe windshaft, sails, &c., of the mill io the last example weighs 
7500 IbsL, that tbe radius of the neok or gudgeon rami foot* that the oo^fficteotof friotion 
/asO,l, then the meohankal effect lost by friction at the neck la 0,1 . 7r)00 . «r as 4 19 
fee| lbs. There remains, therefore, in the wheel with warped sails 2798 — 419 aB 9590 
feet lbs., or about 86 per cent of the theoretical effect. When the shaft is of wood, tbe 
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neck is doable tfie above diameter, and, hence, the ices of effect by frictioii is doable, or 
the efficiencjT is only 0,70. 

§ 220. Sxperiments.'^l&x'penmentB or obserrstions on windmills, 
of accuracy sufficient to test our theory, are not extant. There is 
no lack of general statements of the restdts of the effects of different 
windmills, but these are not of a nature to serve for judging of the 
^fficieney of the machines referred to, inasmuch as the vdocity of 
the wind has been either altogether undetermined, or ascertained by 
instruments not sufficiently trustworthy. The experiments of Cou- 
lomb and Smeaton are still the most complete, there being, in fact, 
none of recent date. Coulomb made his experiments on one of the 
many windmills in the neighborhood of Lille; and from the circum- 
stance of the work done, being the pressing of oil by means of 
stampers, a kind of work, the mechanical effect consumed in which 
is easily calculated, deductions from these experiments may be yery 
safely made. The four sails of this mill were warped in the Dutch 
style, with the angle of impulse from 68|^ to 81^^, and each of 
them contained about 20 square metres, or 215 square feet. The 
experiments were made when the velocity of the wind was from 7 to 
80 feet per second, the velocity at the periphery being from 23 to 70 
feet, and the results correspond, according to Coriolis {$ee ^^ Calcul 
de Teffet des Machines), with those of the theory above given. It 
is, besides, easy to perceive that, for the better construction, when 

warped sails are used, the mean value of ' ^ — , cannot vary 

very much from that which is deduced by calculation in the first 
example § 218, viz. » 0,880. If, now, we introduce this into the 
general formula, we obtain the following very simple expression for 
the effect of a windmill ; 

i - 4 . 0,88 . 0,0781 . n F^ « 0,000478 n F e" fi. lbs. 

The mean of Coulomb's observations, gives 

L ms 0,026 n Fc^ kilogrammetres, or 
L - 0,000611 nFe" ft. lbs. 

or a near approximation to the theoretical determination. We may 

with safety assume 

L — 0,00048 nFe^tt. lbs. 
This formula only gives satisfactory results, however, when the 

velocity at the extremity of the sails is about 2^ times that ot the 

wind, as indicated by theory to be the best velocity. 

Exttmph, Suppose a windmill of 4 horse power, when the Telocity of the wind is 16 
feet per second is required. What sail surface most it have? According to the last 

formula, n F sas — ^'^^^ n ^^^^^^ «. 1030 square feet: that is, for 5 sails each, 

0,00048.16* 4096 

206 square feet If /^ the length sss 5 times the mean breadth 6, then 

S ^8b206 .'. 6BBy/4laB6i feet, and the length /,aBdl| feet 

§221. Smeaton' 9 MaxifM. — The great English civil engineer, 
John Smeaton, instituted a very complete inquiry into the power of 
wind, and made a series of experiments, the results of which arc 
given in the following table : — 



XXPERIMKBTCS ON WINDMILL SAILS. 



Ul 



JO opw^ 



'tnnanxiiai « )v 
pBorjoqjoiinMrr 

4M|«M8jOOIS«g 



0» 



o to 

^•^ ^^ r^ 

d d d 



00 
W CO 



d d d d 



.t^.iooqr.^, ooevoq^ 

*-• CO ^ «0 to ^ lO <0 to lO 

) o o o o o o o o dood 

«i^ ^irf ^^ ^irf ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^.M 



« CO «-^ 

■ * • 

00 00 r* 



I I I 



*niauiiT«|i^ 
i69iBaj8 JO opv^ 



o 



'ootEgitig 

JO %X19VI^ 



lonpoiij 



•So o o o - 



00 
CO 



»^ ^ d 
«« <o CO 

^ 5r ^ 



W 00 I* 
<0 ^ C4 

^ to to 



Ol CO to o» ^ o 

^ to 00 CO CO 00 

^ to to <o <o to 



ggp>c^ 



'PWKJ 

)99)B9iJC) 



*UIUIIIIU|^ 

OffDvpwyj 



ri^cg 



< 



*uiatuizv|f 

oqs )« sipis 

oqi JO Buinx 



o»^ « « »^ 

«- %0«« 00 



CI 



t« 00 Ok 



I I I 



*< « d »- r» ^ 
eo r-i 1-1 00 CO ok 

• • • • _• • 

to 00 00 Ob o o 



O) A CO 00 
to S'Ot t« 

• • • lu 

« CO »* -^t 



.8^ 



CO t* o 

• ■ • 

«0 «o r* 



c« 



OOft <o 
t« O CO 



«0 O eo CO a» 00 Co CO «0 to ^ <d co 
<ot^<D a»t^t«c«r*co i>t««o«o 



*p9{hioiaa «iiBg 
eqi JO vtunx 



CD 
CD 



*0|J8a« |fO)«M5 



to oitooo 

)CO ^^ f^ 1^ 



M CI CO v^ ^ O O CI CI C« d CI 



*Mpfa02}X9 

oq) l« oi8ay 



'joquiniil 



I 



CO 



1^ 

o< 

I 






VOL. n. — 81 



S 



to 



o 

o 

I 

a 



*! I 



s 



•1 

8 



j2 o 

• •s 

S o 



Sfr 



£ 



i§ 

a 
P- 



•Si 

r 



9-3 
6' 



o 

■9- 



•8 



d 



CI o 

do 



00 <D CI to ^ t^ to r-i '^ C9 a 
aqoqo»oqoqr« oooooooo to 



O ^^ OOOOO «-iCO00<p «-i9 

I ^ ^. III t<^ «p I «C> CO CO «> CD* to CD CD lO* 

I d d . Ill d d I d d d a<5<5a .a<5 



"^!S^^ ^^^^•♦^ totOto« -^CO 
OOO OOOOOO QOQO tO <« 

^^•^. ^•«^<^5i''-^ « too to 00 •-« 



o» «o 

0» CD to CD 

t* 00 T* l> 0_w 



00 

d 



to' to a» «-« O'oo Ok^ m cp 

O CO CO t^ O to CO CD ^ CO O OO '* o 
r«t^oo ^C«KoOOOOOO O^CICI cooo 



ss 



i!'?!? Ill OOfCoaop cor^-^cD toco 
|oo» III cidjcMOo d«H^a» oa» 



CO ^'d' tooooo>tor^ oftor^o dd 



d d 



d to 00 o» d to omior-Od t^odto dd 



iH doo^ lO CO r« ooa»o<^^dco •<« lo co r- oo o» 




•s" 



Ifl 

ns s 01 



It 



.c 



^ 



862 SttBAT6l!T*6 MAiaaiB. 

The ezperimental wheel had whips 2^1 ineh^ loDff, the saik bems 
18 inches long, and 5,6 inches broad. This wheel was not moyea 
by the impulse of wind, but was mo^ed round in air at rest, whence 
it was the resistance of the air, and not its iiUpulse, which Was ob« 
served — ^a circumstance taking considerably from the value of the 
experiments. The motion of the sails against the wind^ was given 
by means of an upright shaft, from which projected an arm 5^ feet 
lonff, at the end of which was a seat for the model mill wheel. This 
upright shaft was set in motion by the observer having a cord wound 
round it like the peg of a top. To measure the re^istcmeet qf the 
air, supposed here to be identical with the impulse of wind of the 
Bame velocity, there was a scale with weights, attached by a fine 
cord to the shaft of the wind wheel, and this was wound up by the 
power communicated to the sails. The results of these experiraents 
correspond well qualitatively with our theory. They riiow to demon- 
stration that the warped sail gives the best effect, and that the 
angles of impulse deduced by theory are actually the best. In the 
example to § 218, we Ibnnd the angles for 7 bars, starting from next 
the axle, to be: 63° 29'; 69° 57'; 74° 22'; 77° 23'; 79° 3(K; 81° 
8', and 82° 18', and Smeaton found the following ^-angtes to be the 
best, or at least very good, 72° ; 71° ; 72° ; 74° ; 77^° ; 88° ; or 
v^ry little different from the theory. 

Smeaton remarks, too, that a deviation of 2 degreeain the ansle of 
impulse, has no sensible influence on the mecbanioal effect procraced 
by the wheel. 

Smeaton draws the following maxime from his experiments, inside 
at velocities varying from 4| to 8f feet per second. 

1. The velocity ^ the windmill sails, whether unloaded or loaded, 
so as to produce a maximum, is nearly as the velocity of the wind, 
their shape and motion being the same. 

2. The load at the maximum is nearly, but eeraewhat lebs than, 
as the square of the velocity of the wind, the shape and poaition of 
the sails bdng thcsame^ 

3. The effects of the same sails at a maxtmtdtn'afe neasrly, but 
somewhat less than, as the cubes of the velocity of the wind. 

4. The load of the s&me sails at the tnaximum is nearly as the 
squares, and their effdcts as the cubes of their number of ti^ms in a 
given time. 

5. When the sails are loaded so as to produce a -maximum at a 
<given velocity, and the veloqity of the wind increases the l6ad con- 
taining the same : first, the increase of effect, when the increase of 
the velocity of the wind is smaller, will be nearly as the squares of 

Hhose velocities; secondly, when the velocity of the wind is double, 
the effects will be nearly as 10 to 27}; but, thirdly, when the irelo- 
cities compared are more than double of that 'where the given load 
produces a maximum, the effects increase nearly in a simple ratio 
of the velocity of the wind. 

6. If sails are of a similar figure and position, the number of 
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tarns in it given time will be reciprocally as the lidins or length of 
the sail. 

7. The load at a maximnm that sails of a similar figure and posi- 
tion will OTercome, at a given distance from the centre of motion, 
will be as the cube of the radius. 

8. The effect of sails of similar figure and position are as the 
square of the radius. 

9. The velocity of the extremity of Dutch sails, as well as of the 
enlarged sails, in all their usual positions when unloaded, or even 
loaded to a maximum, is considerably quicker than the velocity of 
the wind. 

According to these experiments, the effect of the wind on wind- 
mill eaUs is greater than theory indicates, or than Coulomb's experi- 
ments gave. 

Literahm, The most complete eipoeition of the theory of windmills is given in Weis- 
taich^s ** Bergmaachinen Mechanik," vol. ii., ancl in Coriolis's ** Trait^ da Galcul A I'efiet 
det Madiines." Smealon's experiments are recorded in the "Philoeophicai Transnctions," 
1759 to 1776. They were collected into a separate volume, and published under the 
title "An experimental Enquiry concerning the natural powers of Water and Wind to 
turn Mills and other Machines depending on a circular motion." These papers were 
ttanelaied into French fay Girard, in 1827. There are extracts ftom them in Barlow's 
"Treatise on the ManufiicmreS}" &e. In Nicholson's " Operative Mechanic," Brewster's, 
Ferguson's, ftc, &o. Coulomb's experiments are given in his oft-quoted work '*Th^rie 
des Machines simples." 

Mariotta wrote upon the impulse of wind, in his ** Hydrostatics." He makes the impulse 
Past 1,73— P>. 

Borda, in the ''M^moires de I'Academie de Paris," 1763, has a paper; Rouse, Hutton, 
Woltmann, have all handled this subject. The two latter authors find P much smaller 
than Marietta did, because they measured the renttanetf not the ur^pulte of the wind. 

The coefficient ( ^ J, as found by Woltmann, is too small, orP^| — Fy'is certainly 

too little, for he did not obtain the conitanU for his windsail wheel by direct experiment 
(see "Tbeorie und Gebrauch des Hydrometrischen Flugels,-' Hamburg, 1790). Hutton 
dednees from his experiments, tliat it is more accurate to consider the impulse and resist- 
aaca of the air as increasing as F^^ {me ** Philosophical and Mathematical Dictionary," 
vol. iL). If we assume { as 1,86 for a small surface of 1 square foot, then, for a sail 
of 200 square feet surfhce, we should have ( =s 2000-' . 1,86 ss 1,7 . 1,86 « 3,162, which 
agrees well with the theoretical determination, and with what we have said above, 

where (:b 3 and P la 3 . F y. In Poncelet's ** Introduction i la M6canique indus- 

trielle," there is an admiiable oolleoiioo and disoussion of the azperiments on impulse 
and resistance of wind. 



INDEX. 



A. 

Abattiiis, ledstancd of aaith, 20 
Abotments, stability of, 31 
-^— pien, &C., 66 
Animals, power of, 121 

, formulas for, 123 
Arofaes,27 

-, line of pretsnre and resistanoe of, 



28 



-, loaded, 33 

-, stability of abutments of; 31 

-, semi-circnlar arch, with pamllel 



▼anlted snrftres, table of, 37 

i arches, masonry at the 
back, of 45^ induiation, table, 37 

■^ arches, with horizontal 



masonry above, table o£, 38 

, tables of, 36 

-, table of the relatiTe dimensions of 



segmental, 30 

— *, test of equilibration of, 34 

-, vaulted arches, with parallel arched 



surftoes, table of, 38 
Axles and gudgeons, 170 



Backwater, 136 

-^ amplitude of, 144 



^ swell, 446 



Balance, ooounon, 105 

, index or bent lever, 115 
i sensibility of, 107 



, spring, 116 

, stabiliQr and motion of, 108 

, unequal armed, 109 
Batter, retaining walls with, 26 
Beams, compound, 55 
Borda's turbine, 234 
Bnces or stmts, 54 
Brake, of firiotion, 110 
Bridges, chain or suspension of, 50 

^ of weigh. Ill 



-, of portable weigh, 113 
-^ dmber, 48 
-^tubular, 82— 05 



Bucket wheels, 165 



Buckets, form of, for water wheels, 174 
, construction of the, 271, 200 
, number ot, for water wheels, 18& 

Biirdin's turbines, 236 



C. 



Cadiat's turbine, 247 
Gapstan, vertical, 131 

, horse, 131 
Centrifugal force, effect of; 188 
Chain, or suspension bridges, 50 
Chains and ropes, sectional dimenAons of,. 

63 
^ elongation of, 65 
Chain wheel, 330 
Cohesion of semi-fluids, 16 
Combe's reaction water wheel, 246 
Compound beams, 55 
Common balance, 105 
Conduit pipes, 158 
Conway Tubular Bridge, 82 
Com seeds, semi-fluid, 13 
Coulomb's experiments on the rigidity of 

hemp ropes, 102 
Crushing, Table of the resistanoe of mate- 

rials to, 60 
Curb, construction of the, 202 
~— wheels, mechanical effect of; 204 
Cylinder, the working, 300 

, engine combined, 310 



D. 



Bams, 136 

Darlington's water-pressure engine, 310 

Dimensions of parts of water wheels, 167 

Dykes, 140 

^— ^ stability of, 150 

-^-^ ofllet sluices of, 152 

Dynamometer, 105, 116 

E. 

Earth, semi-fluid, 13 

abutting resistance of, 20 
>, pressure of, 14 
surcharged masses of, 17 
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IHDBX. 



Elastic resistanoe, 77 

Engine, Sezon water-pressure, 315, 317 

Engines, watsr-pressiire, 208 

i pipes of, 200 
Eqnilibriam in reference to rotation, 30 
Equilibration of arches, test of the, 34 



F. 



Fontaine's toffaine, 283 

Formula lor total effect of water wheel, 206 

Formulas for the power of animals, 123 

Foundation, depth of; SI 

Foomeyion'stafhiae, 248 

Fracture, 78 

Frict]Kmhnke,119 



G. 



Gear, the Talve, 997' 

counter-balanoe, SOS- 
auxiliary water«Qgine valve, 311 

Girders, 81 

Gudgeons, 170 

i friotioa of the, 101 



H. 



Heeling ^f retaining walls, 22* 
Huelgoat, water>pressnre engine, 3i7 

y the balance, 322 

) throttle valves, 922 

, friction of the piston, 924 
Hydranlio prejudicial resistanoe, 329^ 
sectional areas, 327 



-, formula for the useftil eflbet, 328 
-f adjustment of the vafves, 831 



I. 



Impact, eibct of, on water wheels, 181 
Indez balances, 115 



J. 



Jonval's turbine, 285 



Xing posts, 48 



Lever balances, bent, 176 

i the, 127 

Loaded arches, 33 

Losses of effiMt of the water wheels 200 

M. 

Maohines, 99 

-, mechanical eAcis of, 99 



of, 100 



^ useihl and prejudieiat restttanoe 



Machines, working condition of, 102 
^ work done by aid of, 125 



Mills, of tread, 133 

J floating, wheels, 216 

Modulus of rupture, 80 

Morin's experiments on turbines, 281 



P. 



I%irts«f vrater wheels, dimensions of, 167 

Pentroughs or penstocks, 177 

Piers and abutments, 66 

Pillars, strength of, 60 

Pipes, conduit, lor water, 158 

Piston, the vrorking, 302 

— — rod and stuffing-box, 90S 

Planes, movable inclined, 134 

Poncelet's tables, 25 

■ wheels, 2 18 

■^ theory of, 219, 22ft 

i experimenis with, 224 

' turtnne, 237 

Posto for bridges, 50 
Postmills, 343 
Pressure of earth, 14 
> and resismnoe atfkm of fowhes, 28 

■ (prism of greatest), 15 



Sailers, supported, 45 

Reserveiia^ M8 

Resistance^ usefhl and prejudicial', 28 

— of line, of arehes, and pressure, 



28 



•^ elastic, 77 



Retaining vralls, 18 

-^ with batter, 28 

Rotation, equilibrium in reference to, 90 
Rooft, thrust of, 42 
■ , compound, 44 
— , for bridges, 50 • 



a 



Sail wheels, 342 

Saxon water*presBQre engine, 315 
Semi-fluids (cohesion of), 16 
Sluices (water), 177 

^ , over&ll, 108 

^-^— , penstock, 200 

Smockmills, 345 

Spring balanodi) 1141 

Stability of abutments of aiehes, 9t 

Strength of cy lindrieal sieam botlen^ 95 

Structures, wooden, 40 

Struts or biaoes, 54 

Swell, of, 136 

height of, 130 



T. 



Table L Semi-ciienlar arbh wMi paxaflel 
vaulted surfitces, 37 
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Table IL Sami-cifedlar mhm, tatmitaf tt 
the baok of 45^ incliiiatioD, 37 

Table IIL Senii-cit«ulartirok68» wi(h-4Mii- 
zontal maaonry^bore, 36 

Table IV. Yaulied «rabe« with laMllel 
arched wai&om, 38 

Table of the relative diteeiutoM«f teg- 
mental arttes, 80 



•ails, 36 
onhe 

ing, 69 
— of the ttaiMftfieo«f mateiiak 4o>M|h 

ture bj teMile flbahi, 71 
— ^- of data coaneOied 

sistance of lnatena^ 77 
Tablee of Poooelet, 25 
■ of arches, 36 

■0,71 



Ttaer^ w«)gbt,efieet H, 1«3 

Water conduits, 135 

•*<•»-« ^amplitude of tke back, 144 

— courses, 153 

— ^«- t»iMiuift pipes, 158 
w^^^^yOfbaek, 136 

— power, 164 
^<«'— idoioes, 157 

ftnr the valves, 336 

t-. iM I a rffc »■» ■ III I ^ iflipefiiiMQtal jcasttlts, 



the 



jre- 



Therraotensioo, '72 
Timber brid8Bs,48 
Tread-wheels or tread-mills, ]j33 
Tubular bridges, S2-*^ 
Turbines, Fontaine^s, 288 
— — , Jonval*s,285 

, comparison of different torbines 
with each other, 293 

-, comparison between turbines and 



other water wheels, 293 
, comparison of, 280 
, construction of guide-curve, 269 
> experiments on Fontaine's and 



Jonval's, 291 

^ experiments on, 281 

, mechanical effect of^ 288 
, Morin*s experiments on, 281 
> pressure of, 265 

Borda, Burdin, Poncelet, White- 



low, Combe, Cadiat, Jonval, FoumeTion, 
Morin, Fontaine. 

-^ theory of Fontaine's and Jonval's, 



286 



-^ theory of reaction of, 254 

•^ Whitelaw's, 278 

-, without gnideKwrves, 26 1 , 275, 277 

-with horiaontal axis^ 295 



V. 

Valves, the, 304 
, cock, the, 305 

the slide-piston, 306 

gear, the, 307 

hammer, the, 310 

auxiliary waler-engine valve gear. 



311 



cylinder, 313 

W. 

Walk, retaining, 18 
slipping of, 19 
heeling of, retaining of, 22 
retaining with batter, 26 



337 

WatM^pcaMMe eagMes, 298, 317, 324 
enginai Siarjingion, 319 



■•■M^B^ttli^B*! 



Water wheels (HomxxoaTAi.), the pivot and 
footstep of, {^52 

, best Tetookf, -yieasafe of 



the, d56-*259 

-, Borda's turbine, 234 



the, 202—205 



-, Bardia'e turbine, 236 
., OAdiat-s«iEbiiM,J247 
-, Combe's roaetion, 246 
-, eonttvoilian of the curb of 



turbines, 269 



-239 
-^ eonslnioikm of guide^nwe 



271 



-, constmction of the bucket. 



236 



, efleet of centrifugal force, 

, Foumeyron's turbine, 248 
, influence of the position of 
the slnioe, 262 

— , impact, and reaction, 229, 



232 



253 



244 



-, pressure turbines, 265 

-» pressure, 233 

-, Poncelet's turbine, 237 

-^ roues en cuves, 235 

-, reaction of; 240 — ^243 

-, strength and dimensions of, 

-, theory of the reaction of, 



bines, 254 



-, theory of reaction of tur- 



261,275 



-, tovUaeiwIilieat guide-curve. 



pact, 181 



-^ Whitelaw's turbine, 245 
-, (vxbtxcal), efiect of im- 



-, construction of, 166 
, dimensions of parts, axles, 
and gudgeons of the, 167, 170 

-, effect of water's weight, 



183—187 



188 



208 



»t efleot of centrifugal force, 
-^ efficiency of breast wheels, 



let's, 224 



-, experiments with P6nce- 



-, floating mill, 216 

-> form of buckets of, 174 



868 



INDEX. 



Water wheeis (tbktical}, formula for the 

total effect, 206 
^ frictioii of the gudgeoiu, 

total effect, 191—192 

, in straight courtes, 213 

, overfall sluices, 198—200 

, partition of, 215 

.penstock sluices, 200—202 

, Ponoelet^s, 218—225 

— , proportions of the, 172— 



174 



214 



^ undershot wheels, 211 

-, useful effect of undershot, 



— , useful effect of wheel, high- 
breast wheel, 192—198 

— , sluices, pentroughs of, 177 



—180 



Weigh.bridges,lll 
Weirs, construction of, 137 

, discontinuous, 142 

Wheels, see water wheels. 
Wheel, useful effect of, 192 



-, recent experiments on, 225 
n, small, 227 



Wheel, high-breast, 195 

, chain, 339 

, construction of, 166 
, the proportions of, 172 
Whitelaw's turbines, 278 
Windlass, the, 129 
Windmills, 341 
) anemometers, 350 

, best angle of impulse, 354 
1 direction of the, 369 

, experiments on the, 360 

: i force of the, 353 

■ — , intensity of the, 349 

, loss of friction, 358 

, mechanical effects of the, 356 
) postmUls, 343 

^ regulation of the power ot, 347 
k sails, 342 

, Smeaton*s maxims on the, 360 

, smockmills, 343 

I tables of nineteen experiments 
on the, 361 

-^ vane, 349 



Woltmann's wheel, 350 
Wooden structures, 40 



THE END. 
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** A ii mlBDieBt finr a to thank Loid Campbell (br Um hoiMat Indiutry with which he haa thai fiur 
pnwecQted hia laige task, the general candor and hlxenltty with whidi he haa analyzed the Uvea 
and chancten ot a long anooession of inilnential magiatratea and niinistert, and the manly atyle 
of hia naxratiTa. We need hardly aay that we diall expect with great interest the oontinoation 
of this performanee. Bat the present seiies of itaalf is more than aufficient to gite Lord Campbdl 
a lai^ station among the English authors of his age."— QHorter^r Re»ie». 

* The Tnlomea teem with exciting incidenta, aboond in portralta, aketclua and anecdotes, and are 
at once interesting and instnictire. The work is not only mrtorioal and biographical, but it ia 
anecdotal and philoaophioaL Many of the chapters embody thrilling inddenta, while as a whole, 
the pnblication may be regarded aa of a high hxtelleetual order.**— £iffiifrw. 

"A work in three handsome oetaTo vdnmes, which we shall regard as botii an oraament and an 
honor to our library. A HisUny of the Lord ChanoeUora of Eh^^and trom the institution of the 
office, is necessarily a fiBstoiy of the Constitntion, the Court, and the Juriaprodenoe of the King- 
dom, and theee Tolumes teem with a world of collateral matt«r of the IiTeliest eharacter for the 
general reader, aa wall as with much of the de^psst intersst for the professional or philostvhical 
mind."— iSliterdair Conner. 

**The brilliant iueceas of this work in Vtit^unA Is by no meana greater than its merits, ft ia 
certainly the most brilliant contribution to English Ikistory made within our reooUeotjaii ; it haa 
the chann and ikeedom of Biograpiky combined with the daborate and carsAil compnehensiTenesB 
ofHistoiy.'*— M T. Tribum. 

MURRAY'S ENCYCLOPJIDIA OF GEOGRAPHY. 



THE ENCYCLOPEDIA OF GEOGRAPHY, 



A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL, 
STATISTICAL, CIVIL AND POLITICAL. 

muarnMo 

ITS RELA TION TO THB HBAVENLY BODIEVITS PHYSICAL STRUCTOU THB 

NATURAL HISTORY OF BACH OO UNTOY. AND THB INDUSTRY, 

COMMERCB. POUTICAL INSnTUmNS. AND CIVIL 

AND SOCIAL STATB OF ALL NATIONS. 

BY HUGH MURRAY, F.R.S.R, &c 

Amisred la Botany, by ProfiBsser HOOKER—Zoology, fte., by W. W. SWAINSON— Astronomy, Ac, 
br Tnkmar WALLACB-Geolagy, iic.,tf Profaasor J AMBSON. 

BBTISXID, "WITH ADDITIONS, 

BY THOMAS G. BRADFORD. 

THB WHOLB BROUGHT UP, BY A SUPPLBMENT, TO 1843. 
In three large octavo volumee, 

VARIOUS 8TTLB8 OF BIITDINO. 

This great work, fbmUhed at a remarkably cheap rate, contains about 
NiirxTBSN Huif DRBD LAROB IXFBRXAL Paoss, and is illustrated by Eiobtt- 
Two SMALL Maps, and a colored Map of thb Unxtbd States, after Tan- 
ner's, together with about Elbvbn Huhdbbd Wood Cuts executed in the 
best style. 



LEA AND BLANCHARD'S PUBLICATIONS. 



STMCKLAND'S QUEENS OF ENGLAND. 

A NEW AND ELEGANT EDITiON 

or 

LIVES OF THE QUEENS OF ENGIAND, 

FROM THE NORMAN CONQUEST; 

WITH ANECDOTES OF THEIR COURTS, NOW FIRST PUBUSHED FROM OFFICUL 

RECORDS AND OTHER AUTHENTIC DOCUMENTS, FKIVATE AS WELL AS FUBUa 

HBW BDITION, WITH ADVITIOITS AND CORRECTIONS. 

AaVBB STBIOKLAVD. 



Fonahif a hantenne MriM ia crown ocUivo. bwntiAilljF phntad with laifi tgrpaoDfliM p«per,daB« 
op in rich extra criinaon doCh, and aold at a ciraapvr rale than foraier etlitions. 

Volttme One, of nearly seven hundred iar^e pages, containing Volumes 
One, Two, and Three, of the duodecimo edition, aiKl Volume Two, of more 
than six hundred pa^ea, containitig Volumes Four and Five of the I2nio., 
have just been issued. The remainder will follow rapidly, two volumes in 
one, and the whole will form an elegant set of one of the most popular his- 
tories of the day. The publishers have gone to much expense in pre- 
paring this from the revised and improved London edition, to meet the fre- 
quent inquiries for the '* Lives of the Queens of England," in better stylo, 
larger type, and finer paper than has heretofore been accessible to readers 
in tnis country. Any volume of this edition sold separately. 

A few copies still on hand of the Duodecimo Edition. Ten volumes are 
now ready. Vol. I. — Coniains Matilda of Flanders, Matilda of Scotland, 
Adelicia of Louv&ine, Matilda of Boulogne, and Eleanor of Aqjiitaine. 
Price 50 cents, in fancy paper. Vol. IL— Berengaria of Navarre, Isabella 
of Angouleme, Eleanor oi Provence, Eleanor of Castile, Marguerite of 
France, Isabella of Franco, Philippa of Hainault, and Anne of Bohemia. 
Price 50 cents. Vol. III. — Isabella of Valois, Joanna of Navarre, Katha- 
rine of Valois, Margaret of Aniou, Elizabeth Woodville, and Ann of War- 
wick. Price 50 cents. Vol. IV. — Elizabeth of York, Katharine of Arragon, 
Anne Boleyn, Jane Seymour, Anne of C levee, and Katharine Howard. 
Price 65 cents. Vol. V.— Katharine Parr and Queen Mary. Price 65 coots. 
Vol. VI.— Queen Elizabeth. Price 65 cents. Vol. VIL— Queen Elizabeth 
(continued), and Anne of Denmark. Price 65 cents. Vol. Vlil.^-Uenrietta 
Maria aad Catharine of Brajranza. Price 65 cents. VoL IX.— Mary of 
Modena. Price 75 cents. Vol. X.-^Mary of Modena (continued), and 
Mary II. Price 75 cents. 

Any Toluine told Mparately, or the whole to loateb in neat gtma cloth. 

JUST PUBUSHED 

VOZiVXS TfiK: 

OMITAINiaO 

MARY OF MODENA, AND MARY II. 

Price 75 cents in fancy paper. — ^Also, in extra green cloth. 



" These Tolnmes bare the flMdnakion ef a nmuMwe united to the integnty ef haUnrfJ 
** A most yaloable and enlertafutas wock."— CI»eMcla 

* Thk interetting and veU-wilttea worii, in wtiieh ttio aevon trath ef hMory takee almoet the 
■wildnees of romanoe, will oonstitttte a Ttluable addition to oar biognphical Uteratare."'--JforiHv 
swtnUd, 

* A valoable oontribntion to hJetoiical koowledfe, te jroosf penone eepedally. It eootaim a 
or eveiy kind of historical matter of intereit, which imlaitiy and reeearch could collect. We 



hare dehTed noch entertainmeni and inetruciioo from the work. 

"TheexecatioRof thiswotk ia eooaltotheoonoeptiQn. OiMt pitas have beeattfwa to oMke 
ft both interesting and raloable."— JStemrT Ooecttc. 

" A chaimtng woik->-fblI of interest, at once eeriooR and pleating.'*— JtfbmJar OtiiseL 

** A meet charmhig trfographical memoir. We oonelode bf expreaiBg our unqoalifled opfnioo. 
that we know of no more valuable oonlribalion to roodeni batoiy Ihaa thie aiath voIum of Min 
Strtckland'a Lives of Uw Queena."— JCermv OmU. 



I 



LBA AND BLANCHARD'S PUBUCATI0N8. 

ROSCOE'S LIVES OF THE KIKGS Of ENGLAND. 

TO MATCH MISS STRICKLAND'S '-QUEENS." 



UFE OF WILLIAM THE CONaUEROR. 

Id Dflit TVf I) dtiodeciina, eilm cloth, or fbney piper. 

■ r will And Ihri ■ wort of pflcn^lv ttrterHt ItihtrdutEbnniflhogt lb* 

uiHHHL LI jB D HDCk wKli wliiob. i>i«d'liD|r ■■'ch fl U|tit ■! w« m Jaiti£n] in i^riBCttwUlda 
■Qta E^tfuta bMtvJ, arvT Libnrr oofliL lo ba pnndad."— 5kiHt^ Ttiiu^ 

MEMOIRS OF THE LOVES OF THE POETS, 

Blc^rophiotU Nfltcbet of Women celebrated !■ Aacient aad 

Modera Poetry. 

Ipourojil duodBdmo volume, price Vconu* 

FREDERICK THE GREAT, HIS COURT AND TIMES. 
EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP- 
BELL. ESQ.. AUTHOR OF THE "PLEASURES OF HOPE." 
Beconi Series, in two duodecimo voIaneB, txm cloth. 



HISTORV OF CONGRESS, 

ySSIF(C*T— 

r RePRESBNT, 



K00Ha'8XnBLAirB-VOWO09EPZ>BTB. 



JF TH»T BEALH DOWN T 

iBvo TolumeB, extra da 



HISTORV OF THE WAR IN FRANCE AND SELGIUM III 1815, 

COHTADnNO mKDTE DETllLSOPTHE BATl'LES OF qtlATIt&BHAS, UOHV, WIVU 



BT OAPTAIir W. SIBOSKS. 

In one octKTO Totume, wilh Mapt ind Ptsni of BslTlet, Slc, vii.i 

L FutofBdfilE^lIidlaliKIIiailirtrilMlHaofttaiilTntaoacnBninduhadAUH. t FWd 
•( Ouln-BnuL ■! 3 t'Vkim.r.lS. 1. FtaM nf Qnin-Bm. nt 7 a'elnct. P.l). 4. F«U iT lipir, 
•ti«iiuUT[Hiao^;toek, F.lf. & FnUoT Liiiijr,Bi hmllpaBoYlock.P tl. &PvMiifWuv^ 

BngU<fWaUtlas,uanii<lMD«tlo^oioe>,P.H, ft Kiidorw.m.on u'cioii,P.W., i«Ui 
Jms. ia,IMil«fWnniM4oVIiiBk. A. M.. IWh Jaw. u. Put of I'luc*, Da uludi ■ Aomu 



D liKJOUM EDIT1DN, BV 1 



THE LEADINQ 
BY B. W H ITS, BA. 



In one luge raf*l IZmo. ToluBa, nwi wnra cloth. 



r 



LEA AND BLANCHARD'S PUBLICATIONS. 



GRAHAME'S COLONIAL HISTORY. 
HISTORY OF THE UNITED STATES. 

FROM THE PLANTATION OF THE BRITISH COLONIES 

TILL THEIR ASSUMPTION OF INDEPENDENCE. 

SECOND AMBBIOAV BDITION, 

ENLARGED AND AMENDED, 

WITH A MEMOIR BY PRESIDENT QUINCY. 

IN TWO LABOB OOTATO yOLUlOS, BXTBA CLOTH, 
WITH A PORTRAIT. 

This work having assumed the position of a standard history of this 
country, the publishers have been inauced to issue an edition in smaller size 
and at a leas cost, that its circulation may be commensurate with its merits. 
It is now considered as the most impartial and trustworthy history that has 
yet appeared. 

A lew copies of the edition in four volumes, on extra fine thick paper, 

price eight aoUars, may still be had by gentlemen desirous of procuring a 

beautiful work for their libraries. 

" It V nniremlly known to litonur men u, in ite orinnal fom, one of the eiiiieat hkHotim of 
this oonntry, end certainly one of the beet OTor written by a foreigner. It hes been constantly and 
copiously t»ed by eTeiy one who has, siooe ite appeennoe, undeimen the histoir of this eoantry. 
In the obnrM of the memoir prefind to it, it is vindloKted ftom the aqwrsioDs east on it by Mr. 
Bancroft, who, uerertbeless, has detired from it a vast amount of the inftinnatlon and docnmentair 
material of his own ambitious, able and extended woric. It is iseoed in two volumes, and canaol 
fiul to find its way to every libraiy of any pretensions.— iVcii York Couritr mid Sntmnr. 

COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

THIBD ESmOir, WITH COKBECTIOHS AlTD ADDITIONS. 

Complete, two volumes hi one, neat extra doth. 

With a Portrait of the Author, Two Maps, and Portraits of Paul Jons, Baucbkumb, 

DaLB, PaSBLB, DBCATUm, POBTSSt PSSKT, AMD McDOMOUCBI. 

WRAXALUS HISTORICAL MEMOIRS. 



HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

OVB NBAT TOLUMB, BXTRA CLOTH. 

This is the work fbr which, in ooBsequenoe of too tmthAil a portnutore of Catherine 0., the 
author was imprisoned and fined. Ta««fak by tUs a i pe ri eiiCib ha enniiimilin meipohw ha anp- 
praased untU after his death. 

WRAXALL'S POSTHUMOUS MEMOIRS. 



POSTHUMOUS MEMOIRS OF HIS OWN TIMES, 

BY SIR N. W. WRAXALLl 

or oirs voLxniB, bxtka cloth. 

This woik eoBtahia mndi aeonlaBd aanHfaif enaodote of the pwimla i a t pononiffat or the di^p 
which rendered ita posthamoasiniblkattaa i 



LEA AND BLANCHARD'S PUBLICATIONS. 

WALPOLE'S LETtERS AND MEMOIRS. 

THE LETTERS OP HORACE WALPOLE, EARL OF ORFORD, 

coNTAurnre kxablt teres huwdbbd letters. 

NOW PntST FUBUSHfiD FROM THE ORIGINALS, AND FORMING AN TJNINTER- 

RT7FTED SERIES FROM 173S TO 1797. 

In four large octavo volames, with a portrait of the Author. 

SUPPRE SSED LETTERS. 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

TO SIR HORACE MANN, FROM 1760 TO 1785. 

VOW FIRST PUBLISHED FROM THB OBZaiKAL MS8. 

In two octavo volumes, to match the above. 

WAlPOlFr irDRG E THE THIRD. 

MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD, 

BY HORACE WALPOLE. 
NOW FIRST PUBLISHED FROM THB ORIGINAL MSB. 

EDITED, WITH K0TB9, 

BY SIR DENIS LE MARCHANT. > 

ThfOt* M«Dioin co m priie th« lint twVn fmn of tti* raign of Oooifs UL : aod reeommend 
thoBMelTM aqwdally to the reader in this ooimtiy. as oontainiiu: m aoconnt of the early troablea 
with America. The7fi)cinaaeqaeltothe'*MeBimof GooifetheSeooiid,"lqrtheiameatiihor. 

BROWHIW G'S HU GUENOTS. 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

COHTIHUBD TO THB PBESBHT TIMB. 

BY W. S. BROWNING. 
In one large octavo volume, extra cloth. 
** Om of the meet intareetiof and vmlnattle ooatiibiitiona to modem hMtety."— gatlla—w^t Mag^ 



* Not the leart iatanMCinr poitlan of the wftA hum refereaoe to the Tkdenoe and penaentioaa 

INGERSOL L'S LA TE WAR. 

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN 

THE UNITED STATES OF AMERICA AND GREAT 

BRITAIN. DECLARED BY ACT OF CONGRESS, 

JUNE 18, 1812, AND CONCLUDED BY 

PEACE, FEBRUARY 15, 1815. 



OHABXiBS J. XWOBBSOXiXi. 

One volune octavo of 516 pages, embracing the events of 1813—1813. 
Beautifully printed, and done up in neat extra cloth. 

RUSH'S CO URT O F LONDON. 

MSHOSANDl OF A RESIDENCE AT TEE COURT OF LONDON, 

COMPRISING INCmiNTS OFFICIAL AKD FEltSONAly FB OM 1819 TO 1835; 
ncunan naoriATioira or tub obbooii Qramov, xm otbsr wnxiUD WMLktiom 

na mnrrxD ratm ahd aaur auTAnr. 



ttatf SctmorShuDT lad Minlater FlenlpoteiiUaiy from the Dnlted Staftea, fkom iJ17 to 18& 
In one large and besatifol oetaTO vohune, extra doth. 



LEA AND BLANCHARD'B PUBLICATIONS. 

N I E B U H R.' S ROM E. 

TKB HIBTOBT OF MOMB, 

BY B. G. NIEBUHR. 

OOMPLETB IH TWO LABQE 00TA70 70LI7MBI. 

Dane Dp In eim clolb ; or Qva pirti. iWJIti. prica tl.oa eich. 

Tlw IW Ibna null gfihii ntuiblD bwk bin niTsr belbn hm [Hihliiliii] in Dili eaarOj. 1 

■iiyojjrMBlf h—nprintiiliiiOjraHjf, ml UmlMtilia tcglMia. Thg Iwn las or Una c 



^pSwid 



j*dloaieU>>>inaf1i«lni'taiMaUH<H]HiMIr: ftnm TliWiffit Mt 
nuoJ wl pRcUal initrQclio(i7ind«hJBhpapaiwiacanrvHlHitoi«h< 



PROFESSOR RANK E'8 HI STORICAL WORKS. 
BXBTO&y or TSB ForB8j_ 

BT Z.EOPOI.D BAirKE 
In tw pHTlH, papv, Ht f l.DO vicb, or oH lui* vol 



THE SEVEHTXeNTI^ 



Tlilt wnrt KHPDbtlihKl bflba intlHr In conHiiilB wltt Un 'BlIliitT of ^^PSl"** 

SZ8TOST OF TRB SBF01I1ULTXC»T ZIT GHBlCAirr, 

BY FB0FE3S0R LEOPOLD RANKE. 
FASTB FIBST, SEOOHD AHD THIHD ROW BSADX. 



SBOTOKAX Oir THB ^KBn-OB KBTO^bWXOV. 



THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 
MANKIND BY WOMEN. 

tMOM TH> rSKHCH or L. IIUI XAKTIH. 



LfiA AND BLANCHARD'a PUBLICATIONS. 



SMALL BOOKS ON GREAT SUBJECTS. 

A 8E&ZS8 OF WORKS 

WHICH DS8BRVS THB AITENTION OP THE PUBUC, PROM THB TARIBTY AND 

mPORTANCE OP THEIR SUBJECTS, AND THE CONCtSKNESS AND 

STRENGTH WITH WHICH THEY ARE WRITTEN. 

They fbcm • nMt ISnio. leries, hi paper, or atrongly doiM up in three neat Tolamet, extra doth. 

THERE ARE ALREADY PUBLISHED, 

Nok L-i'HILOSOPHICAL THEORIES AND FHTLOSOmiCAL EXPERIENCE. 

&-ON THB CONNEXION BETWEEN PHYSIOLOOY AND INTELLECTUAL SCIENCB. 
•8.-ON UAN*S POWER OVER HIMSELF, TO PREVENT OR CONTROL INSANITY. 
4.--AN INTRODUCTION TO PRACnCAL ORGANIC CHEMISTRY, WITH REFER- 
ENCES TO THE WORKS OP DAVY, BRANDS, LIEBIO, 6ui. 
&— A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES. 
6^--0R£EK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OP 

CHRIST. 
7.-CHfilSTUN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. 
a-AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR 

OF GRACE MDCCCXLV. 
a— AN INTRODDCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

THE WORKS OF D£ CANDOLLE. LINDLEY, Ac 
10.-ON THB PRINCIPLES OF CRlilLNAL LAW. 
II.-^CHRISTIAN SECTS IN THE NINETEENTH CENTURY. 
12.~TH£ GENERAL PRINCIPLES OF GRAMMAR. 

" We ue fled to find that Menora. Lea it Blaachard an raprfntfaif , llir a qoarter of their origind 
price, this admirable leries of little booka, which have Justly attracted ao maoh attention hi Great 
Britain.**— GraAoM'f 



" The writers of theaa tfaovghtM traatiaea are not Udwnran for hire ; thef are men who have 
atoed i^eit from the thronf, and mariced the morements of the crowd, the tendenciea of aodetf, 
iti erils and ita •rran, and. medit^ing u^n them, have given their thoughts to the thooghtfoL"— 
Lomden CrUie. 

**A aeries of little Tolnmes, whose worth is not at all to be estimated by their size or price. Thsf 
are written bi England bj soholam of eminent abilitjr, whose design ii to call the attention of the 
pablio to vaxions important topica, in a norsl and a o o easi hl e mode of pobliontion.*'— iV. Y. JMomNv 
xwnss. 

MACKINTOSH'S DISSERTATION ON THE PROGRESS 

OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M.A. 
In ooe neat 8vo. toL, extra cloth. 

OVERLAND JOURNEY ROUND THE WORLD, 

DURING THE TEARS 1841 AND 1842, 
BY SIR GEORGE SIMPSON, 

GOVERNORrlN-GHlEP OF TH£ HUDSON'S BAY CO^CPANVS TERRITORISa 

In one Tery neat crown octavo Tolume, rich extra crimson cloth, or in two 

parts, paper, price 75 cents each. 

"A mora valaable or {ustnictiTe work, or one more fhll of perilous adrenture and heraio enter- 
prfss, we have noTer met with."-^oAR BuU. 

**U abounds wUh details of the deepest interest, p o ssswe s all the charms of an exefttagramanee. 



an^ jhmishes an immense mass of valuable information.*'— IsfuiFfr. 



LEA AND BLANCHARD'S PUBLICATION& 

UNITED STATES EXPLOR ING EXPEDITION. 

THE NARRATIVE OP THE 

UNITED ^ATES EXPLORING EXPEDITION, 

DURING THE YEARS 1838, '39, '40, 41, AND *43. 
BT OHARIiBS WIIiKBB, B 8 Q,*, V»B.V* 

COMJIAIIDBE or TBS BZPSOITIOlf, BTC. 

PRIDE TWENTY-FIVE DOLLAB8. 

A New Edition, in live Medium ^tavo Volumee, neat Extra Olotb, particQlartydone 
up with refrrence to etrengtii and continued uae: containing TWBjrrT-Six Hon- 
DEan PAoat of Letter*pren. Illaatrated with Map*, and alKHit Tbebb » 
HoMDEBn SruiNDin ENOEj^viMat oa Wood. 

PRZOE OHI.T TWO DOZ.Z.AB8 A VOZiUKS. 

Thoof^ oflbrad at a price lo low, this is the complete woric, ooutahiiad all the letter-piea of the 
edition printed for Congreei, with nnie improrements suficeeted in the oonne of pewiny the woik 
anin throosh the preei. All of the wood-cat illiutrati<xM are retained, and nearly all the nape ; 
the larBfe Xeel plates of the quarto edition heing omitted, and neat woodrcats snbslitnted for fitrtr- 
seren steel vignettes. It is printed on fine paper, with laige type, bound in veiy neat eatim eloto, 
and forms a beaatiAil work, with its texy numeroos and appropriate emhelliehmenta. 

The attention of penons fonninr libraries is especially directed to this work, as preeentinic tlie 
novel and valuable matter aocumolated by the Expedition in a cheap, convenient, mid readable ibnn. 

SCHOOL and other PUBLIC UfiRARIIS should not be without it, as embodyug the results of 
the First Scientiflo Expedition oommisBioned by our Rovemment to explore foreign regions. 

"We have no hesitation in saying that it is destined to stand among the moet enduring bmou- 
ments of our national literature. Its cootribations not only to every department of edenoe. bat 
eveiy depeitment of history, are immense ; and there is not an inteiligient man in the community- 
no matter what may be hw taste, or his oceapation, but will find something here to enlighten, to 
fOXity, and to praAt bina**— tiUbMy RtUffumB Sfiectalor. 



ANOTHER EDITION. 
PRICE TWENTY.FIVE DOIXARS. 

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES; 

WITH AN ATLAS OF LABOfi AVD OZTENDED MATS. 

BEAirriFULLY DONE UP IN EXTRA CLOTH. 

Tbia tmly great and National Work is issued in a stvio of anperior mag niilcence 
and beauty, containing Sixty-four large and finished Line Engravings, embracing 
Bcenery, Portraits, Manners, Customs, &c.. &c Forty -aeven exquisite Steel Vignettea, 
worked among the letter-press ; about Two Hundred and Fifty finely-executed Wood- 
cut Illustrations, Fourteen large and amall Maps and Cbarta, and nearly Twenty-aiz 
Hundred pages of Letter-press. 

ALSO, A FEW COPIES STILL ON HANa 

THE EDITION PRINTED FOR CONGRESS, 

nr FIVE VOZiXTBKESi AVD AH ATXiAfl. 

LARGE IMPERIAL QUARTO, STRONG EXTRA CLOTH. 

PRICE SIXTY DOLLARS. 



JUST ISSUED 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

UNDER THE COMiaND OF CHARLES WILKES, ESQ., U. & NAVY. 
BT HORATIO HALH, 

raiLOIiOOIST TO THX XXPSDmOlT. 

la ene laxga imparial oetaro volume of nearly seven hundred pages. With two iUpa, iriatad to 

match the Congress copies of the " Nazrativa.'* 

Price Tan dollaes, in beautiAiI extra clotli, done up with great ftrengtl. 

*«* This Is the only edition printed, and but few are offbred Ibr aale. 

The renudnder of the scientiflo vrmts of the Expedition are in a state of rapkl innrress The 
volume on Corab, by J. D. Dana, Esq., with an Atlu of Plates, will be duurtly nady, to be fid- 
lowed by the others. 



LEA AND BLANCHARD'S PUBLICATIONS. 

DON QUtXOTE-iLLUSTRATED EDITION. 

NOW READY. 

DON QUIXOTE DE LA HANCHA, 

MIGUEL DE CERVANTES SAATEDEA. 

BT OHABLEa JAKVIS, ESQ. 

CAKEFDLLY BEVIBED 



A HEUom OF THE AUTHOK AND A 



WITH NUHEROU8 ILLUSTRATIONS, 

DT TONT JOHAHNOT. 
two taanllhllj prinud Tolamc*, croirB oclin, rick utn erluMMI etc 




LEA AND BLANCHARD'S rUBUCATI0N3. 



PICCIOLA. 

ZZ.Z.U8TBATED SOZTZON. 

PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE, 

BT Z. B* BAZNTIHS* 

1. JTBW SDITXOa, WITH ILLUSTRATIOIT^. 
In one elflgant duodecimo volume, large type, and fine paper ; priee in Ikncy coven 

SO cents, or in beautiful extra ciimaoo dolb. 

* Feriiape the moat beaatiTiil and toodunc work of fiction ever written, with the eioeption of 
Undine.*^iUtai: 

"The same pnbliBheri have shown their patriotjim, eommon eene, and good taste by pottiof 
ftnth their foarth edition of this work, with a aet of vsiy beaatifol eii(raT«l embelliahnientt. There 
nevsr was a book which better deserved the compliaiettL U is one of graatlj superior merit to 
Paal and Vinjuia, and we bebere it is destined to surpass that popular wwk of Sc Pierre bi pop«. 
laritj. It is better suited to the advanoed ideas of the preaent ate.end p o wenscs peculiar roonl 
dianns in whteh Paul and Virginie is deficient. St. Piem's work derived its populahty from its 
bdd sttack on feudal prQodioes ; Saintine% strikes deeper, and assails the secret infideu^ wbKh 
is the bane of modem society, in ftestronKhoUL A thousand editions of nxiola will not be too 
nuuqr fiv tts meriL"— J^ui/« Book. 

** This is a little fsm of its kind—a beantiiU conceit, beautilVilIf nniblded and appUed. The stjle 
and plot of this truly oharmiua story retiuire no cntiCism ; we will only expreae the wish that those 
who rely on works of fiction for iheir intellectual food, may alwigrs nod ihuse as pure in language 
and beautiful in moral as Pkcida."— iVcw York Rnkw. 

" The present edition is got up m beautifUl stjrle, with illnstratioas, and rafiects orodit upon the 
publishers. We recommend to tboee of our readeis who were not fortunate enough to meetviith 
Picciola some yean ago, when it was firat translated, and for a season all the rage, to lose no time 
in procuring it now— and to those who read it then, but do not poisem a copy, to embrace the op- 
portunity of supplying themselves from the present veiy exceUeut edition.**— »»uniar JSoeauv PoU, 

** A new edition of this exquisite stoiy has recently been issued by Hessn. Lea de Blandiard, 
emhelUihed ami illosnrated in the most elegant manner. We understand that the work was com- 
pletely out of prmt, and a new edition will then be welcomed. It oontoius a delightful letter ftom 
Ihe ai^or, givmg a painM insight into the penooal histoty of the chazactaie who figure in the 
story."— Amtiv BuUetm. 

**Tb» moat charming work we ham read tar many a dey."-*JMdbwead Eittmnr. 

LOVER'S BORyO'MORE. 



aoav o'Moaa-A 

BY SAMUCL LOVER. 

A new and dieap edition, with niostrations by the Author. Price only 25 cents. 

Abo, a beautiful edition in royal 13mo., price 50 cents, to mateli the following. 

**A truly Iiikh, national, and chaneletistae stQiy.**— Ximdsa LUaranf GoMUe, 

"Mr. Lover has here produced his best woi^ of flctkm, which will sarvive when half the bish 
sketches with which the literary worhl teems are foigotton. The interest we take m the varied 
edrentures of Bory is never once suffered to abate. We welcome him with h<|^debght,and 
patt firom him wi&h regret."— Xsndon Am. 

LOVEB'S IBISH STORIES. 



XiBOBirDS 

Iheneveiy 



AVD 8TORZS8 OF ZEllZiAVDi 

SY SAMU£L LOVER. 

12010. volume, fine peper, extra doA orftniqr pepei^ 
With UlustratiaBB by the Anthnr. 



L 



LOVER'S SONGS AND BALLADS. 

INCLUDING THOSE OF THE "IRISH EVENINGS." 

In one neat 12mo. volume, price 25 cents. 

JMIA&STOir, 

OR THE MEMOIRS OF A STATESMAN AND SOLDIER. 

BY THE RET. GEORGE CROLY, 

Author of " Salatfalel,'' •* Angel of the World," Ac. 

In one octaro volume, paper, price fifty centa. 

*A walk of high character and ■bsuzUng interaBt"— Nm Orkoat Bm, 



w 
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LBA AND BLANCHARD'S PUBLICATIONS. 

BIOGRAPHY AND POETICAL BEVAINS 

OP THB LATB 

MAROARBT MZZiZ.SR DAVIBSOir. 
BY WASHINGTON IRYINa. 

1. NEW CDITION, R£yiSED. 

POETICAL REMAINS 

OF THE LATfi 

ZiVORBTZA XKARZA BAVZBSOIT. 

COLLECTED AND ARRANGED BY HER MOTHER, WTTH A BIOGRAPHY BY 

MISS SEDGWICK. 

▲ HBW KDITIOir. BSTiaSO ' 

SELECTIONS FROM THE 

WRITINGS OF MRS. MARGARET M. DAVIDSON* 

m MOTvn or uxaueiiA ahd haioaset. 

WfTH A PREFACE BY MISS SEDGWICK. 

The tbofo three works are doee vp to match ia a neat duodeoiaio fi»in, taxif paper, price fift]r 
eealaeech; or la extra doth. 

THE LANGUAGE OF FLOWERS, 

WITH ILLITSTRATIVB POETRY ; TO WHICH ARE NOW ADDED THB 
CALENDAR OF FLOWERS, AND THE DIAL OF FLOWERa 

nvBirra ambucaii, moM ths mum lokoom siHTiDif. 

Revised by the Editor of the " Forget<Me-Not." 

|b eoe Teqr noot Iftno. volame, «icn orimon eleth, gOt* With six colored Ratee. 

CAUPBELL'S POETICAL WOftKS, 

THE OiaY COBiPLETE AMERICAN EDITION, 

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN 
ESSAY ON HIS GENIUS BY JEFFREY. 

la eM heawHfnl imrmi nntaTiT Tnlumt. rrtrn rltrlh. nr mlf p'l* ' with a Portrait and UFlatea. 

KEBLE'S CHRISTIAN YEAR, 

EDITED BY THS RIGHT REV. BISHOP DOANB. 

lOniatBn Editton, In aano., extra doth, with llliuainated Title. 

RELI6I0 MEDICI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT., 

WITH RESEMBLANT PASSAGES PROM COWPER'S TASK. 

In on« neat iSmo. Tolame. 

HEMANS'S COMPLETE POETICAL WORKS, 

nr 8BTXN TOLtTKBSy SOTAL 12mO., ?APEB OB CLOTB. 

ROGERS'S POEMS, 

ILLUSTBATBD, 

nr oiTB ivpmiAL octato tolvms, bztba ci^otb ok wbitb oalt. 




DICKENS'S WORKS. 

VARIOUS EDZTXOW8 AND PRZOS8. 



CHEAPEST EDITION IN NINE PARTS PAPER, 

AS FOL'LOWS: 

THE PICKWICK PAPERS, 1 Urge vol. 8vo., paper, price 50 oenta. 

OLIVER TWIST, 1 vol. 8vo., paper, price 25 cents. 

SKETCHES OF EVERY-DAY-LIFE, 1vol. 8vo.. paper, price 37^ cents, 

NICHOLAS NICKLEBY, 1 large vol. 8vo., paper, price 50 cents. 

THE OLD CURIOSITY SHOP, 1 vol 8vo., paper, with many Cuts, 
price 50 cents. 

BARNABY RUDGE, 1 vol. 8vo., with many Cuts, price 50 cenu. 

MARTIN CHUZZLEWIT, 1 vol. 8vo., with plates, price 50 cents. 

CHRISTMAS STORIES.— Thb Cabol, The Chimes, The Ckicxet oxr 
THE Hearth, and The Battle op Lifs— together with Pictv&es fbox 
Italy, 1 vol. 8vo., price 37^ cents. 

DOMBEY and son. Part I., to be completed in Two Parts, price 25 
cents each. 

Fonninf anratandoBifonnEdUtioiiof tliMepo^alarwodDB. Any woric lold Mpantoljr. 

ALSO, 

A UNIFORM AND CHEAP EDITION OF 

DICKENS'S NOVELS AND TALES, 

IN TBRBB LAROB VOLUMES. 



THS irOVBZiS iAJrZ> TAJJBB OF OBAAXiBS BZOSBXTS, 

* • (BOZ.) 

Id Three large and beautifUl Octavo Volumes, done up in Eitra Cloth, 

COKTAIKINO ABOUT TWEMTY-TWO BUlTDfiE]) AND FIFTY LA&OE DOUBLE 

COLUMITED PAGES. 
PRICE FOR THE WHOLE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTS. 

Th0 frequent inqoiriec for ft aniform, compact and good editioa of Bot'k worita.haro indnoed the 
poblisheFB to prepere one, which they now oflSnr at a price ao low that it ahould ooininand a rety 
extended sale. It is printed on fine white paper, with good type, and forms Uiree lai^ Tolomes, 
avenurina: about seven hundred and fifty paoes each« done ap in vanoos etrles of ex^a cloth, maknw 
a heauUnil and portable edition.— Some oi the works are ulnstrated witih Wood Engravings. 

This Edition comprehends the fint seven parts, and will be completed with the issue of Che 
Fourili Volume, on the completion of "Dombev and Son," now in prcKreas of pubUeation, oo»- 
taininq; that worlc, the ** Christmas Stories," and '* Pictures finom Italy.'' Purchasers may thus nly 
on beiiig>ble to perlbot their sets. 

ALSO, AN EDITION PROFUSELY ILLUSTRATED WITH 

ONE HUNDRED AND THIRTY-FOUR PLATES, AND ONE 
HUNDRED AND FORTY WOOD-CUTS. 

In Imperial octavo, extra doth, on fine white paper. 

tt9*Tbe above are tbe only Complete and Uniform Bditiona of Diickene*e Worln «ow 
before Uie public. 

NOW PUBLISHING, 

i>om:b:6t aitb aoir. 

nvm BDiTioH. 

In twenty numbers, price 8 cents each, with two illttstrfttions by Hablot 

K. Browne in each number. 
This is the only editifln which preeents the pbites acooemenying the text towhidh they.rafer. 
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LEA AND BLANCHARD'S PUBLICATIONS. 



SELECT WORKS OF FIELDING AND SMOLLETT, 

Printed in a neat wad uniform ttyle.to maiel) tlie eiieap edition of Dicltent't Worlca. 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WALTER SCOTT* 

THIS XDITION COKTAXirS: 
THE ADTSNTDRBS OF RODERICK SANIX)&L Price twenty-flre omdn. 
THE ADVENTURES OF PEREORIMB PICKLE. Price flftjr centa« 
THE EXPEDITION OF HUMPHREY CUNKER. Price twentr-flfe centr 
THE ADVENTURES OF FERDINAND OOUIiT FATHOM. Price twenty-flfe oenti. 
THE ADVENTURES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVERTDSES 
. OF AN ATOM, AND SELECT POEMS. Price twentj-lbe cents. 

Or, tbe wliole done up in one very large octavo volume, extra doth. 

SELECT WORKS OF IJInRY FIELDING, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 

BY SIR WALTER SCOTT, 

AND AN ESSAY ON HIS LIFE AND GENIUS, 

BY ARTHUR MURPHY, E9Q. 
THIS EDITION COlTTAIirS: 
TOM JONES, OR THE HISTORY OF A FOUNDLING. Price fiftj oenti. 
THE ADVENTURES OF JOSEPH ANDREWS, AND HIS FRIEND M^ ABRAHAM ADAMS. 

AMEUA. Price tw«ntj-fl«e eenta. 

THE LIFE OF JONATHAN WILD THE GREAT. Ptioe twenl^^lTe o«ti. 

Or, tlie wkole in one larie oetavo volume, extra doth. 

COOPER'S N OVELS AND TALES. 

A virzFo&jMi sDZTzonr, 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

WELL BOUND IN SHEEP GILT, 

Forming a beautifiil aeriea, each volame comprehending a novel. 

AZiSO, A OBSAP BBZTZOir, 

IN FORTY-SIX VOLUMES, DUODECIMO 

DOITB UP Hf NEAT PAPER COVERS. 

Priee only twenty-five ceata a vnlnme, each work in two volumea. Any novel 

aold ieparate. 

coxPRisxira! 

THE SPF— THE WATERW1TCH~HEIDENMAUEK-4>RECAUTK)N-4I0MEWARD BOUND 
-HOME AS POUND-THE LAST OF THE MOHICANS-THB HEADSMAN-THE TWO 
ADMIRAL»-THE PIONEERS-THE PILOT— LIONEL LINCOLN— THE PATHFINDER- 
THE WISH-TON-WISH— MERCEDES OF CASTILE— THE MONIKINS— THE BRAVO— 
THE DEERSLAYE R— THE PRAIRIE— THE RED ROVER-WING AND WING— WYAN< 
DOTTE. OR THE HUTTED KNOLL; AND THE TRAVELING BACHELOR. 

ALSO, NED MYERS; OR, A LIFE BEFORE THE MAST, 

la one IShno. volume. Priee twenty-flve eenta. 

JiZiSO^ OOOPBa'8 SBA TAZiBfl, 

In tix neat volumes, royal ]9mo., extra cloth. 

OOOPBB'S ZiBATHBB STOOKZITO TAZiSS, 

In five neat volumee, royal l9mo., extra cloth. 



LEA AND BLANCHARD'S PUBUCATIONS. 

BOV'S THEA SIiay Of SPOUTS. 

m wn numi oi tots, pibwb m ebmiiom. 






aJSrVi: 



"■- EnmnH Spnti of ihn FwM, Ibi On 

r Eniliih nina of Ciicknl. 
Jfl]a*d11taO«l{ thu, tbs d^htfD] nm 



AndHiT.<n«tb>I*<An(if Xaflluil.iiUiaiidMHlBil! ud mrpniiailrlliUDinll telMiiHtMi 
la Ilia gnaFUl Hooinitliiliviaiu of Fancbw. via th* naiiUr uid nuitHunc aurtlia or Ridtar. 
Anfflinr, ih4 puljinB of ehiMhond. hwlicwil, ■Mihood, ind c4d an. v iHJrt J«gil» d; md bf 

Kwniiur Aninllif It ■ fbtvuhl* pDmlt oT bothood. AenidDijelr. m ban daacr fl wj how l« n» 
>htlU>tA.Ih*Snillml,triaDiinDniiia. Ihi OniiiH Pl«, IlMntHn. Ml Uli SillwinL Akw 
cluuiur II idipud Id Uia nuiiK of Sia[ BInh : ibcnrnnl nmWaif wUrlbaiiil Ituir mpggUn 
«en. tr* nnn dMRitmL AnTban w* nur nrnl. Ihll klDdnnKlo Ai«m1i Invartabl; dasoUs aa 
auf llant ilunvCKA ; Git.fa i«( a liULa craalun ntfl haur, ami U tre»l it liahbtr (he nvtLBurka 
a ca^inciDm jT out a craal um^I. HiUBaoit; ii a Jawal. wlucfa avaiy bur ibinbl ba pruod la whz 

Ittltvof Lb?« rbtir BamaL wbfl woald pas a doUbovr la tba dnuiaat daj of wiiilar; or wba 
AmiHiiianaiD Aiilbmatls, lunilaH IwartaBata. « dabdiMHud, ud TiWo with CndL 

wiy dobfbl uac ■ banlr <inl^ Hmi lb* bouM of Ibi du koair, tad Oh tank li liM ■«(. 
AWiciaih Ui* inwit nIOM ta a taukof uii^Kiila, anas haa Bit btm o^adad IMi III 

mil oT rn liula nortHT-beiila tia not laon aniiiiif ihta tbt cb aagttia Owatair. Ppoa, Site- 

TDr'aXmuLl Ftpir FinworlB.(«Fli*woitawlAiMr>ri,)nHH aan. Thta Mlow la- 



I worth kaowinf ," i 
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LEA AND^LANCHARD'S PUBLICATIONS. 



POPULAR SCIENCE. 



PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST, 

BEING AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN- 

CIPLES OF NATURAL PHILOSOPHY, BY THE 

AID OF THE POPULAR TOYS AND 

SPORTS OF YOUTH. 

niOM TBB SIXTH AKD aKBATLY IMFROVSV LONDON BDITION. 

In one very neat royal 18mo. vnlume. with nearly one hundred illoatrationa on wood. 

Fine extra crimson cloth, 

** MeHn.liea & Blannhard huw inued. in • beautifal manner, a handaome book, ealled ' Philoao- 
phy in Sport, made Science in EameM.' TIiib m an uduiimble attempt to iUuetrate tlie flnt prin- 
eiplea of Natural Philuaophy. by tb« aid »r the pofiular toys and sports of youth. Uaefu) faifonna- 
tion is coaveyed in nn easy, craoein). yet digiiifiad manner, and randerad msf to the simplett under* 
atandios. Ine book is an admirable oue, and must meet with nnivecni fisTour."— M T. ~ 
Mtrror. 

ENDLESS AMUSEMENT. 

JUST ISSUED. 



ENDLESS AMUSEMENT, 

A COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

INCLUDING 
AOOUSnCS, ARITMH£TIC, CHEUJSTRY, ELEOTRICITT. HTDRAX7LIC8, HTDR09TATICS, 
MAGNETISM, MECHANICS, OPTICS, WONDERS OF THE AIR PUMP, ALL THE 
POPULAR TRICKS AND CHANGES OF THE CARDS, Ac, 4col 

TO WHICH la Annco, 
A COMPLETE SYSTEM OF PYROTECHNT, 

OR THE ART OF MAKING FIRE- WORKS: 

TBS WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN REACH 

OF THE MOST UMITED CAPACITT. 

WITB ZLLUSTBATIOirS. 

FROM THE SEVENTH LONDON EDITION. 

In one neat royal 18mo. volvine, fine extra orimaoa doth. 

This wmk has lorn supplied instmctiire amusement to the rising nnerations in England, and 
will doubtless be hailed with plraaure bf those of this country who like (and what boy does not) 
the marralioas tncka and <^M»iBf, ezperiBMNita and woadeiaailbrded hy the magic ot soienoe ud 
Jnoleiy. 

CHEMISTRY OF THE FOUR SEASONS, 

SPRING, SUMMER, AUTUMN, AND WINTER. 

AN ESSAT, PRINCIPALLY CONCERNING NATURAL PHENOMENA, ADMETIINO OF 
DiTERP&STATION BY CHEMICAL SCIENCE, AND ILLUSTRATINO 

PASSAGES OF SCRIPTURE. 

BY THOMAS aRIFFITHS, 
noRBBOB OP ammantT tub mxoical oollbox of bt. BABTHoiomwv BOBnTAi* no. 

In one large royal ISmo. Tolume, with many Wood-Oata, extra doth. 

•Chemtatiy ia asBoredtyofle oftha naiat nseftil and tnteraacfngofthejaatmaladanoM. Chemiol 



changes meet us at every step, and daring every season, the wuds and the rain, the heat and> the 
frosts, each haTo their peculiar and appropriate phenomena. And thoae who have hitherto re- 
mained insenable to these changes and unmored amid such remarkable, and oAen startling fa- 
sults, will lose their apathy upon reeding the Chemistiy of the ' Four Seaaona,* and be prspaied to 
enjoy the highest intitllectoal pleasures. Conceived in a happy spirit, and written witlv taate and 
elennce, the essay of Mr. Griffiths cannot (ail to receive the admiration of cnitivated mmda; and 
those who have looked lesa carsftdly into natnre'b beantfea. will find themselves led on ^ by 
step, until they realize a new intelleotual being. Such works, we beUave, exert a happy indnenoe 
over aociety, and hanoe we hope that the preeent one may be extensively reed."— Im WeHtm 



LEA. AND BLANCHARD'S PUBUCATIONS. 



POP ULAR SCIE NCE. 
KIRBY AND SPENCE'S ENTOMOLOGY, FOR POPULAR USE. 

Air ZZTTRODVOTZOK TO BirTOXKOZiOOT; 

OR, ELEMENTS OF THE NATURAL HISTORY OF INSECTS: OOMPH fSINO AN ACCOUNT 

OF NOXIOUS AND USEFUL INSECTS, OP THEIR METAMORPHOSIS, FOOD, 

STRATAGEMS, HABITATIONS, SOCIFI'IES, MOTIONS, NOISES, 

HYBERNATION, INSTINCT, Ac, 4a 

vritlk PUUSf Plain or Colored* 

E7 WILLIAM EIBB7,M.A.,F.R.S., AND WILLIAM SFXnOE, ESQ., F.B.8. 

noM TBX auTH jjoanow xomoir, which was cokkisctbd akd ooRvoBB^aLT xiilaju>cd. 

In one large octavo volume, extra cloth. 

** We hare been greatl j interested in ronninf over the pajses of this trealieo. There it Ksroelj, in 
the wide nage of naioral adence, a more interesting or instmotiTe stody than that of insscu, or 
one than is caksuUited to exciie more curiosity or wonder. 

" The popular form of lettrrs is adopted hf tl^e aathora in imparting a knowledge of the anbject, 
which renoeiB the work peculiarly fitted for oar district school ubrahea, whidi axa open to aU ages 
' daaaes.'*— AmI'« MerckmUf MagatiM. 

A ir 8 TEXTS^^Al^^ 

JUST ISSUED. 



THE ANCIENT WORLD, OR. PICTURESQUE SKETCHES OF CREATION. 

BY D. T. ANSTED, M.A., F.R.S., F.G.S., &c. 

rEonaaoE op oboloot m kiiio*s collkob. lordom. 

In one reiy neat Tolnme, ine extra doth, with about One Hundred and Fifty 1Ilaitx«tfa»i: 

The object of thia work ia to present to the general reader the chief reaulta of Gedogieal inveati- 
gation m a simple and oomprehensiTe manner. The author has avoided all minute details of geo- 
logical formations and particular dwenratiqu, and has endesToured as ftur as poaaible to present 
a}riking viewa of the wonderful results of toe acienoe, diTested of ita mere teohnicaJitiea. The 
work is got op in a handsome niaiiner, with nuinerousillaatrationa, and finma a neat volume for the 
oentre table. 

GEOLOGY AND MINERALOGY, 

WrrH mSTRUCTIONS for the qualitative analysis OF UINERAL& 

BY JOSHUA TRIMMER, F.a.& 

With two Hundred and Twelve Wood-Cuts, a handaume octavo volume, bound in embosaad doth. 

This ii a itystematic introduction to Mineralogy, and Geolofcy. admimbly calculated to instraet 
fhe student m those sdenoea. The organic remains of the various formations are well illoatrated 
by Dumerous figures, which are drawn with great aocuracy. 

HEW AnFcOMPLETE MEDICAL BOTANY. 

NOW READY. 

XKBBZOAXi BOTAW, 

OB, A DESCRIPTION OF ALL THE MORE IMPORTANT PLANTS USED IN MEDICINE, 
AND OF THEIR PROPERTIES, USES AND MODES OF ADMIN1S17UTI0N. 

BT R« BSGUBBFISIiD GRIFFITH, M»JK^ Ac*^ Ac* 

In one laxfe octavo volume. With about three hundred and fifty lUuatratione on Wood. 

A POPUL/ii TREAmTcirVEGETABLE PHYJSIOLOGY ; 

PUBLISHED UNDER THE AUSPICES OF THE SOCIETY FOR THE PROMOTION OF 
POPULAR INSTRUCTION; WITH NUMEROUS WOODCUTS. 

BT ^7. B. OARPEHTEB. 

In one volume, 12mo., extra doth. 

A TREATISE ON COMPARATIVE ANATOMY AND PHYSIOLOGY, 

BY W. B. CARPENTER. 
REVISED AND MUCH IMPROVED BY THE AUTHOR. WITH BEAUTIFUL STEEL PLATES. 

(New preparing.) 

OARPBirTBB'8 AVIXJLJ* PHTSZOZiOOT, 

WITH ABOUT THREE HUNDRED WOOD-CUTS. 
CPleparioff.) 



LEA AND BLAHCHARD'S PUBUCATIONEL 

HUMAN HEALTH: 

oa, TBI mn-HENcE op atiiospbkrk aho uwauty; ceuitoe of ur ahs 

aEHClSE/^T.KKP, COBPORbAl AND MfeUTlL PUB- 

Sans. Ao., tuL, ON uuLTEf man, 

COKSTITUTING ELEnENTD OF HYUIENE. 

BT BOBLET DDNaUBOR, M.D.,(a:.,1ai. 

*,* PenoBs in tbe pureuil of health, u well as thase vho desin lo leuin 
i1, would do well lo eiamioe tbia work. The nuthoi Blalea the work haa 
Iwen prepared "to eoable the gonersl reader lo undersiand the nature of 
ibe ftclions of varioua ioflueacea on human health, and usial hj i" in adtnil* 
log Buch meaiu aa may tend to its pteaervalion: hence the author hw 
iToided introducing techoicililies, eicept where they appeared to hiia iltdi«- 
pensable." 

SEIUKKS ON THE INFLUENCE OF UEIItaL EICITSHENI. 

AND MENTAL CULTIVATION UPON HEALTH.- 
BT A. BBIOHAaS, BS.D. 

TUrd edition : one nlams, IBmo. 



ooura, smrxom, thb dibbasbs or thb xrAzi.8, 

Ain> THB aBHBBAL UANAaSMENT OF THB rSBT. 
BY LIWIS DURLACUEB, 



BKZDaB-WJLTBR TSBATXBBl. 

ANIMAL AND VEOCTABLE FHTSIOLOGT, bi I tdU., wlUi DJUir «!>. 
t THB UlSroRY. HABITS AND INSTINCT OF ANIHALS, 1 nL. with plUH. 
raOUT ON CHEMlSTRV-CHAUllBRS ON THB UORAL CONDmON OF KAN— WHEWELL 
«.■ .""■"■■'.■(y-flsu, OK THB HAND— KIDD ON THE PHYSICAI. CONDITION OF 

Ba|el, Bucklaad, aad liiitf are lohl nptrate. 



THB DOHB8T1C HANAGEHBNT OF THB SICK ROOM, 

NECESSART, IN AID OF MEDICAL TREATMENT. FOR THB CURE OF DI5EASE8, 

BT A. T. IBOMSDB, U.D.,ko.ko. 

Pint Amsriean, from Ibe Second London Edition. Edilsd l>y R. B. GiimTB, H. D. 

ID tntarftTBDn with Lha dnUH of ih* m«dicBl Bn4ii4ant, bot Kiud, mctUA, u 



THE MILLWRIBHT AND MILLER'S GUIDE. 

BY OLIVER EVANS. 

THE TWBLFTH EDITION, 

WITH ADDITtCWB AND OOBRBtTnONB, BT THE FBOPESBOB OF HBCBA- 

NIC8 IN THB FRANKUN INSTFTUTE OP FENNBTLVANIA. 

um A DBxaipnoH ow ah mntovu) hbrohaiit nont iiiu> 

BT 0. k O. BTAKS, HHSIKBBBB, 



LEA AND BLANCHARD'S PUBLICATIONS. 



JOHNSON AND LANDRETH ON FRUIT, KITCHEN, 

AND FLO WER GA RDENING. 

A DICTIONARY OP MODERN GARDENING, 

BT GBORGE WILLIAM JOHNSON, ESQ. 
Author of th* ** Principle of Practical GuOeiiinf .** " The GanleoerlB AlmanM,'' A& 

WITB OHB nOXDHKD AND BIOBTT WOOD-Cim. 

EDITED, WnH NUMEROUS ADDITIONS, BY DAVID LANDREIH. OP PHIlADELPaXA. 

la one laxge royal dnodaciAK) volome. extra cloth, of neaiij Six Hiudred and Fiftj 

double culUMiiied Pag^M. 

Thii edition has been xreatly altered fh>ro the original Many article* of little interest to Amerl- 
eam have been cun ailed or wholly omitted, and much new mati«r, with iiumeroan illustrations, 
added, especially with rewpefst to the varieties uf fniil wUicIt experiema) liss sliown to he pecaiiaHj 
adapted to our ciimute. btill, tho editor admiU tliut he has only fuiluwtjd in the path so admirably 
marked out by Mr. Johii«oii, to whom the chief merit of the wurk lieltniKB. It has been an object 
with the editor and publishera to increase Its (lopular character, thereby adaptiiif it to the larRer 
class of horticultund readera in tivs country, and ih«y trust it will prove what they have deaiml it 
to be, an Enqrclupeibo of Gardenini;. if not of Kunil Atluira, so condensed aud at suoh a price as to 
be within reacli of nearly all whom those suhieciii mteresL 

** This is a naefhl compendium of all that descnption of information which is valuable to the 
modern gardener. It qootes larf ely from the liest «t«iidanJ autiiors. i<HimalB, and transactions of 
societies; and the labount of the American eiliTur have Atied it for the United States, by jodicioos 
additions aud omissums. The volume is abuiidauliy itlusiraled with figures in tlie text, embracing 
a judicious aelection of Ihone vanelies of (hiiis whicb experience has shown to be w«U suited to the 
United States.— fiUtonM's JommaL 

" This is the most valuable work we have ever seen on the subject of gardening; and no man of 
taala who ran devote even a quarter of an acre to hortirultura ouxht to be without it Indeed In- 
dies who merely cultivate flowen mthm-doon, will find this book an excellent and convenient 
counsellor. It contains one hundred aud eighty wiiud cut illustratuius, which give a distinct idea 
of the fruits ami garden arranKenieuts tht^y are mlended to reprenenL 

" Johnson's Dictionary of Gunlening, edited by Lniidreih. is liHndMtroely printed, well-bound, and 
sold at a price which puis it within the reach of all who would be bkely to buy it."— ^u p y ra w . 

THE COM PLETE FLORIST. 

A BBAiriTJL& or OARDSirXNO, 

CONTAINING PRACTICAL INSTRUCTION FOR THE MANAOEWKNT OP GREENH0U8B 

PLANTS. AND FOR THE CULTIVATION OF THE SHKUBBERY-THE FLOWER 

OAAUEN, AMD THE LAWN— WITH DESCRIPTIONS OF THOSE PLANTS 

AND TREES MOST WORl'HV OF CULTURE IS EACH 

DEPARTMENT. • 

WZTB ADDZTZOH8 AND AX«£ND ZICEirTS, 

ADAPTED TO TBB CLIMATS OF THE UNITED STATES. 
In one small volviM. Aiee only Twvnty-flve Ctats. 

THE COMPLETE KITC HEN A ND FRUIT GARDENER. 

A SELECT MANUAL OP KITCHEN GARDENING, 

AND THE CULTURE OF FRUITS, 

CONTAINING FAMILIAR DIRECTIONS FOR THE MOST APPROVED PRACTICB IN EACH 

DEPARTMENT. DESCRIPTIONS OP MANY VALUABLE FRUITS, AND A 

CAUSNDAR OF WORK TO BE PERroRUJCD EACH 

MONTH IN IHE YEAR. 

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATES. 

In 000 small volaow, pnpet. Prioa only Tweaty^fiTt Cenia. 

TJUn>BETB>8 RURAL REGISTER AND ALIMCANAO, FOR 1848, 

WITH NUMEROUS ILLUSTRATIONS. 



8TILL Oir HAND, 
A VEW OOVnai of TBB register for 1847, 

WITH OVER ONE HUNDRED WOOD-CUTS. 

Tlus wort has 150 large nmo. pagea. donbl* oiriUmns. Thoogh pfobtiahed annoally, and contara- 
faig an almanac, the principal part ojf the matter ii of permanmit utility to the hoitwnlturist and 
miner. 



le:a AHD BLANCHARD-3 pubucations. 
YOUATT AND SKINNER'S 

STANDARD WORK ON THE HORSE. 

THE HORSE. 

BY WILLIAM YOUATT. 

k MIW BOITIOH, WITH MOMBBODS ILLOSTKATIOllf. 



asirsBAi. uzavoKY of tbb bobsbi 

THE AKERICAN TKOITIKG HORSE} 

HOW TKAINBD iND JOCSEYED. 

AN ACCOUNT OF HIS EBHA&KABLE FESFOSNAItCESi 

iur BasA-r obt thb ass axtii thb xuz^ ■ 

BT 1. B. BKIHNBK, 

Tbis edition of Youatl's well-knawii and (lindard work on Ihe Manws- 
Dienl, DiseaBes, and TrcBlmenl of ihe Home. bu. ilread* obiained BncE a 
wide circulaiion ihroughoul Iha country, ihni the Publiabers need wy no- 
thing to allracl to il ihe allenlion and confidence of all who keep Horses or 
ore interealed la ibeir Improvement. 




LEA AND BLANCHARD*S PUBLICATIONS. 



YOUATT ON THE PIG. 



TBB PZO; 

A TREATISE ON THE BREEDS, MANAGEMENT, FEEDING, 
AND MEDICAL TREATMENT OF SWINE, 

WITH DZKECTIOirS FOR SALTIWa PO&K, ASD CU&Ura BAOOIT AKD HAlfS. 

BY WILLIAM YOUATT, 7.S. 

Anthor of " The Howe," " The Dog," " Crttle," » Sheep," Ac, Ac. 

IXXOSnATID WITB BaULyDTO* OIAWV ROM urm BT WILU&M RAETBr. 

In one hambome duodeciino volume, eactrs eloth, or ia neat paper cover, prioe 80 oenta. 

ThiewoEk,onaeahiootoompenUiv«i]jiiiegleeted,mut prove of mudh nee to iknnen, eqwciaOf 
in thja ooantiy, where the Fig it an animal of more impoitanoe than eliewhere. No mak haa 
hitherto appeared treatinff folly of the vaziooa braeda of awine, their diseaaea and cure, breedins, 
fattening, &e., and Uie preparation of baoon, aalt pork, hams, Ac., while the name of the anthor of 
"Tba Hone," "The Oatfle Doctor,** Ac, is sufficient aiUhority for all be may atata. To render ft 
more aoceasible to those whom it particularly interests, the pnhUahen have prepared oopjes in 
neat illnstnted paper coven, suitable ibr traBamiasian,lqr mail; and which will be sent through 
the poat-offioe on the receipt of fifty oenta, fbee of postage. 

CLATER AND YOUATT'S CATTLE DOCTOR. 



EVERT MAN HIS OWN CATTLE DOCTOR? 

CONTAINING THE CAUSES, SYMPTOMS AND TREATMENT OF ALL 

DISEASES INCIDENT TO OXEN, SHEEP AND SWINE; 

AND A SKETCH OF THE 

ANATOMY AND PHTSIOI.OGY OF NEAT CATTLE. 

BY FRASroXB OXiATBR. 

BDITKB, RSyiBBO XKO ALXOaT RB-WKITTBH, BT 

WILLIAM YOUATT, AUTHOR OP "THE HORSE." 

WITH NUHEROUS ADDITIONS, 

EMBKACiNO AN ESSAY ON THE USE OF OXEN AND THE IMFROYEUENT IN THE 

BREED OF SHEEP, 

BT J. 8. 8KXWHER. 

WITH irX7MER0nS CUTS AND ILLUSTB ATIO NS. 

In one Ifimo. volame, cloth. 

*' As its title would import, it is a most Tsloable work, and should be in the hands of ererf Ame- 

xiean fiucmer ; and we feel proud in njvag, that the ralue of the work has heea graatlj enhanced 

tif the cnatribntions of Mr. Skinner. Clater and Yonatt are names traasured by the ikumiiv com- - 

munitiea of Eun^e as housebold-gods ; nor does that of Skinner deaerrs to be less esteemed in 

America."— itoMHooM Amur. 



CLATER'S FARRIER. 



EYERY MAN HIS OWN FARRIER: 

OONTAININO THE CAUSES, SYMPTOMS, AND MOST APPROVED METHODS OF CUBS 

OF THE DISEASES OF HORSES. 

BT VnJLVOlB OXiATSB, 

Author of " Eveiy Man his own Cattle Doctor," 

AND HIS SON, JOHN CLATER. 

FQUST AMERICAN FROM THE TWENTY-EIGHTH LONDON EDITIQN. 

WITH HOTSa AHO ADDITIOlia, 

BT J. 8. SKZirirBB. 

In one ISmo. Tolame, doth. 



LEA AND BLANCHARD-S PUBLICATIONS. 

HAWKER AND P ORTER ON SHOOTING. 

INSTRUfTTIONS TO YOUNC SPORTSMEN 

IH ALL THAT RELATES TO GUNS AND SHOOTING. 
BT I>IEnT. OOI.. r. HAVTKEB. 

PO WHICH IS ADDro THE HDNTMO AMD SHOOTING OP NORTH AKBRICA. WTTH 
DESCUPTIONS OF AlilMALS kSD mR&.CAKEFIiU.t COUATtD 

BT y. T. poutkr, Bfld. 



~L KB will kdffw ihfl lovBoa, mid iHr flirt idfioa to otben. Enrr noftiquiK 




sSfts; 



OR Hm-re ON BUNtEiia,^^rQiajHo™M. shootino, outs, nood, aosa, 

BT lOBK hill's, BSQ., 



STABXia TAIiK AlTD TABZ.B TAXiK, 

- OR SPECTACLES POR tOONa SPORTSMEN. 
BT HABBT HIB07EB. 



THH soa Axrs tss iportsmam, 

DORACINO THE Dags. BRMD[N8, TRAININO, DBE* 3t3, g PC,, OP DOa9,AND Al 
iOCOUNT 01 THB DIPPBReST KINDS OF OiHgTWITH THBl» H^ftS. 



r 



■kMM 



LEA AND BLANCHARD'S PUBLICATIONS. 

■ 2 , — — 

FRANGATEUrS MO DERN FRENCH COOKERY. 

THE MODERN COOK, 

A FRAiCnCAL GVTDE TO THE CULINARY ART. IN ALL ITS BRANCHES. ADAPTED AS 
WELL FOR THE LARGEST ESTABLISHMENTS AS FOR THE USE 

OF PRIVATE FAMILIES. 

BY CHARLES ELM^J PRANCATELLI, 

Fapfl of the edebntod Carenw, and Uie Maitra D'Hotel and Chief Cook to lier Mideetjr the Qoeeii. 

In one large octavo voluae. eitra cloth, with nuniMWis illustrations. 

" It appears to be the book of books oa eookerjr. X>eiog a most eomprehearive treatise on that art 
p resei-ia t ive and consenrative. The woik compri s e s , in one lam and elegant ootsTo volame. 1447 
recipes for oookint; dishes and desserts, with nnmeroos illastraUons : siso bills of fare and direo- 
taons for dinners for OTery month in tlie jear, fiir companies of six persons to twenty-eight.— ?U. 
JMd/venoor. 

" The ladies who read onr Magaxhie, will thank ns for calling otlentian to this mat wovk on the 
noble sdeoce of cooking, in which everybody, whn has any tarte, feels a deep and abiding interest 
Francatelli is the Flsto, the Shakspeare, or the Napoleon of his department: or pertians the La 
Fboe, for his performance beare tiie same relation to onlinaiy cook books that the Mecankitte 
Celeste does to DaboU's ArithmetM. It is a large octavo, profusely iUoatrated, and contains everr- 
thing on the philoeophy of making dinners, suppers, etc., thst is worth knowing.— OrsAan'Sj" ' 

MISS ACTON'S COOKERY. 



REDUCED TO A SYSTEM OP EASY PRACTICE. FOR THE USE OF PRIVATE FAMILIES^ 

IN A SERIES OP PRACl'ICAL RECEIPTS. ALL OF WHICH ARE GIVEN 

WITH THE MOST MINUl'E EXACTNEsa 

BT BlilZA AOTON. 

WITH KT7M£R0US WOOD-CUT ILLUSTRATIONS. 
TO WHICH IB ADDED, A TABLE OF WEIGHTS AND MEASURES. 

VKB WHOLB KKVnSO UTD ntVA&SD FOB AKEBICAV RODaaCSBSKC 

BY MRS. SABAH J. HALB. 

From the Second Loodon Edition. In one laige 19iB0. volume. 

** Mns Eliza Acton may congratulate herself on having composed a work of great utility, and one 
that is speedily finding its way to every ^dresser* in the kiosdook- I^mt Coofceiy-book is anqne»' 
tJonaUy the most valuable compeiMliiuB of the art that has yet been pnblislied. It strongly inoul- 
cates economical princnplee, and points out bow good things may be ooncooied without that reck* 
lees extnvagance whkm good cooks have been wont to imagine tlie best evidence they can give of 
skill in their profossfon.**— Xendon JUeminp JPotL 

THE CO MPLET E COOK. 

PLAIN AND PRACTICAL DIRECTIONS FOR COOKING AND H0D8EKEEPING, 

IXrXTB TTP^VABDS OF BEVTX HUXTDRED RECEIPTS, 

CsQsirting of Directions for the Choice of Meat and Poultry, Pre|garatioi|B for Cooking; Making of 
Broths and Soul "" *" " " ' ' * ** ' 



Culonnn, Cookin 
PnddingSi 




Israels, Gravies^Qaraishes, An.. &&, and with general 
Directions for making Wines. « 

WITH ADDITIONS AND ALTRRATIONS. 

BY J. M. BANDBB80N, 

OV TBB riABKia Hoa& 

in one snail volume, paper. Moa only Twaaty-Hvn Ceola 



Pastiy. 



THE COMPLETE CONFECTIOWE R, PAST RY COOK AND BAKER. 

PLAIN AND PSACTtCAL DIRECTIONS 

FOB MAKING CONFECTIONARY AND PASTR Y, AND FOR BAKINQ. 

WITH UP'WARBS OF FIVE BX7NDRED RE0EZPT8, 

rtiiiairtfiwf of Directions for making all sorts of Preserves. Sugar Boiling, Comflts. Lonngee, 
Ctaamental Cakes. Ices, Liqueurs^aters, Gum Paste Ornaments, Svnqis, ' 
Mannalades, Compotes, Breed Baking, Aitiflcial Yeasts, Fvxf 
Cakes. RoUs, Muffins, Tsits, Pies, &c, dec 



YTiqia, Jellies, 



WITH ADDITIONS AND ALTSKATI0N8. 

BT PABKIirSOlf, 
ntAcncAL ooirraoTioivn, cRBanvut* sfnurr. 

&i CM anmll volvmb, paper. ' Prk» ocir Twenfy-flve Centa. 



LEA AND BLANCHARD'S PUBLICATIONS. 

SCHOOL BOOKS. 
SGHMITZ ARD ZUMPT'S CLASSICAL SERIES. 

TOI.OKB I. 

C. JULXX C^SARIS 

COHHENTABII DE BELLO GALLICO. 



TO* Biriia butMn flutdnadtrtkBaiburlil iau*|«BeiloflwnalHDiKln?an 
and pneikal tauten, Di. SoaHnx lacu* or tte Rj|li Scteol. EitinlMifb, tnd Dm. 
Zcnrr, FioAaKir in Uu [IninnitT of B«ttin, ud will ooDtina tte fbJlowiif idnn. 




■d areunudf mrnand, nd V ilH pwiiu 

ba bmk k ngt nultnii llimj^i ud u 

ftama.i BT fc ■iiM iTfiT M puia mnm^ immtwBmtat]MUth lapau. udnvnpriiit of j1 

bpiMjmtouua*. ^™Fffi?i'i!!^&jy'''^li!'i!H! "^ pii'^iy'' '° jlg."''"^— ^ 



h — i r a him a wnt. ttel t^ dH%a Btpn—d la 

< KimpUihid. iS Uhi tlw wfc H wau aloF 

gwa waBil Tka lata tJW M Is ba aaaMispUniiibU. Tb* mul i Bj ai 



P. VIRGILII MARONIS CARMIKA. 

NOW READY. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



BIRD'S NATURAL PHILOSOPHY. 

NOW BEADT. 

ELEMEirrS OP NATURAL PHILOSOPHY, 

BETNG AH EXFERIMEirrAIi INTRODUCTIOlf TO TBDB PHTSIOAL SUIKMCH. 

ILLVrntATKD WITH OVKK THRKS BUNOBBO WOOD-COTl. 

BY GOLDING BIRD, M.D., 

Afldrtant FhyiidaB to (h^ HoqitaL 

PROM THE THIRD LONDON SDITION. 

Id one neat volume. 

"By the appeenaoe of Dr. Birdt worir, the itadent hu now all that he can deafra in one neat, 
oondsa, and well-dirated volame. The elementa o( natural philosophy are explained fan Teiy ainiF 
pie langnage, and iUaatnted by numerooi wood-oota."— JtfaAoai OtuetU. 

ABNOi rS PH YSICS. 

ELEMENTS OF PHYSICS; OR, NATURAL PHILOSOPHY, 

GENERAL AND MEDICAL. 

WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TECHNICAL LANGUAGE. 

BY MZEi:.!. ARMOTT, M.D. 

A NEW EDITION, BT I8AAO HAT8, M.D. 

Complete in one oetaTO Tolume, with nearly two hundred wood-atta. 

Thia standard irork haabeen kmf and IhToonbly known as one of tba beift popular expositlcai 
of the intereslinfseienoe it treats o£ It i*«B«oiiiivelyaeam many of the first seminaiias. 



ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL 

BY GEORGE POWNES, Ph. D., 

Chemical Laotursr in the Middlesex Hospital Medical Sdiod, &a, Ao. 

WITH NUMBRGnB ILLUSTRATIONS. 

EDITBDy WITH ADDITIOirS, 

BY ROBERT BRIDGES* M.D., 

Ptnfcawir of General and rtarmaeeuMcal Chemistiy in the Philadelphia College of Riannacy, Aft, See, 

SBCOND AMBRICAir BDITIOX. 

In one large duodecimo volume, sheep or extra doth, with nearly two 

hundred woiod-cnta. 

.Hie diararter of this worii ia snoh as to reoomraend it to all oollefres and academiss in want of e 
text-book. It ia ftilly brooglit ap to the day, containing all the late views and diaooreries that hare 
so entirely oiisnged the fuse of the scienee, and it is oompletely illoatrated with very nameroiia 
wood engnrrings, explanatoiy of all the diihrent proeussss snd fonns of apperatiw. Though etriotly 
adentifle, it is written with great cleaness and sunplici^ of style, raadsnng it easy to beoompre- 
kended or thoee who are oommeneiBg the studr. 

It may be had well bound in lsethw,or neefly doas up fa strong doth. lis low price plaoss it 
within the rsndi of alL 

BREWS TER'S OPTICS, 

BXiBlSBirTS O POP TXOB, 

BT SIR DAVID BREWCrTER. 

WITH HOTBS AMD ADDITIOMS, BT A. D. BACBB, Ll.D. 

Superintendent of the Const Surrey, && 

la one toIobm, IShno., with namerous wood-cati. 



LEA AND BLANCHARD'8 PDBUCATIONS. 

SCHOOL BOOKS. 



BOLMAR'S FREHCH SERIES. 

New editknu of Ihs following woika, br A. Boliiab, forming^ in md- 
nacUtm wilh "Bolmu'sLeraac," a complsta aeriea for tha aoquiaitioo t^ 



A BELBCnON OF ONE HUNDRED FERRra*S FABLES, 

ACCOMPANIED BT A KEY, 

poini DDt Ibg diafcnnce Ikiwkd U» Frsnck aikd EDfllihWon. fcc. Is 1 TOl., Elmo. 
A COLLECTION OF COLLOQUIAL PHRASES, 

ON SVBBY TOPIO NBOEBiAXT TO HAINTAIH CONTEBSATJON, 

.rrangait bdiDt dinrMt beida, witli nuincroDi nomki m Ok ^ecMn ijrinamiiatlim 
■ndiMoor virioDi wordi; tbe nhote » dlnoHd u «>DiiilenM]> to hdllute Ibe 
asiuiiliioii of a cornel pnunncluiag of tbo Fnncti, In I roL. IDoio. 

LES ATENTURBS DE TELEMAQUE FAR FENELON, 

Tul.. Union ■ccsmpanlad bya Ksr «> 'Ik flnt alfhL booki. In 1 mt- I9mo.,e(HI- 

... — ..... ,1^ piiilH. Um iei>, a MMnl inil tm InndatioD. Isund«l u ■ wqnd 



11 In Inc. Ilk* 
10 Iha Pibln 






MULLER'S PHVSICS. 

NOW KEADT. 

PRINCIPLES OF PHYSICS AND METEOROLOGY. 



In one octavo voloma. 
Thli EiUlian It imitnTad hy Um iddillon at Tiiloiu articlH, and wtD ba Ibi 
tnrj respect bnni^ hi np (0 tha tlma of pahHutlon. 

.1w Fbn^ of UdUer if I woA. npaA, eomplatB. DafaniB : Uia cTutHC wmnt knowB I 
IMigaeM araUl B"l ion bwa liaurrmiiplljd. TlwwoTtllof tnrpuMiiginUiHt. Tti 

iHirf Iha iiil(ia^dni>iii(i Bid uriiniiii alms huuoHdM U« una of »XII.>^ 



BUTLER'S ARCIERT ATLAS. 



BT SAMUEL BUTLEK. D.[K 



BUTLER'S AN CIENT GEOGRAPHY. 

OROORAVHXA OXiJLMXOA, 

01, TfB APfUOATinN OF ANOIElfT OKOOSAPHT TO TBB OLAMCft 
BY SAMOBL BQTLBR, D.D.,F.E.B. 

RZraED BT HIS BON. | 

« TRX MAPS, BT lOHii rsoar. 



LBA AND BLANCHARD'S PUBLICATIONS. 
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SCHOOL BOOKS. 



WHITE'S Ut HVEBS AL HISTORY. 

&ATSLT ^OBLJSVaOv 

BZiBiatBirT8 OT VKZVBH8AX. BZSTO&Y, 

ON A NEW AND SYSTEMATIC PLAN; 

FROM THE EARLTEST TTMES IX) TTiE TREATY OF VIENNA ; TO WHICH IS ADD£D A 

SUUMARY OF THE LEADING EVENTS SrNCE THAT PERIOD, FOR THE 

USE OP SCHOOLS AND PRIVATE STUDEZTTa 

BY H. 'WHITE, B.A., 

TKIVITT OOLLtOB* OaAbEIBOS. 

TjriTH ADDITIONS AND QUfiSTIONff. 

JOaV 8. HART, A.AL, 



FrindiNa of the PttiMdl>Ma Hifh Sehool, ami Profowor of Morel aad M«Mal SdMoe, te.^ fta. 
IB oiM volume, large duottetimo, nestlf boiiBd with MafooD Beekib 

This work is armneed on a new plan, which is believed to combine the 
advantages of those fonmerly in use. it is divided into three parts, corre- 
sponding with Ancient, Middle, and Modern History ; which parts are again 
subdivided into centuries, so that the varioas events are presented in the 
order of time, while it is so arranged that the annals of each country can be 
read consecutively, thus combiningthe advantages of both the plans hitherto 
pursued in works of this kind. To guide the researches of the student, 
there will be found nsmerous synoptical tables, with remarks and sketches 
of literature, antiquities, and manners, at »he great chronological epochs. 

The additions of the American editor have been principally confined to 
the chapters on the history of this country. The series of questions by him 
will be found of use to those who prefer that system of instruction. For 
those who do not, the publishers hsv* h«d on edition prepared without the 
questions. 

This work has already passed through several editions, and has been 
introduced into many of the higher Schools and Academies throughout the 
country. From among numerous recommendations which they have re- 
ceived, the publishers annex the following from the Deputy SuperintendeDt 
of Common Schools for New York : 



} 



SUtfe of New Toric 
J/raoL OcL ua.1815. 

^^^^^'^^^^^^f ^^'^■w* ^^Bv^vy ^n^n^ 



SeeretMTln OlRee, 
Department of <%niniou aclioola 

Jievn. £«■ 4> mmekard: 

OmOemm.'^ have exaarined the oofigr of "MHuta^ USberari Htaloiy," wMeh yea weie so 

oblifinir aa to aend me. and ctoeerftiUy and fully enooor in theoommendatimiBof its valoe, aa aoom- 

IweheasiTe am! enlkfateeed servey of the Aneien^ aoil Modem World wfaMi naay of the moit oom- 

potent Judgea have, aa I pemalre. already beatowed epoe it It appeara to me to be admiraMy 

adapted to the parpoaes of oar public achoola ; and I naheaitatlngly approve of ita IntitMlactton Into 

tboae HDoiaariaeef alenwataiy iaabmelion* Veir leapefltfViny , your obedient aenrent, 

SAMUEL & RANDALL, 

tJipitf AipcfMfflMBil OnwiMn Schooba 

TVk walk fai adrairahly eStenlated Ibr Diilriet aad oQ^er llbreriea : an edition for that pnrpoae 
without qneatioua baa been prepared, done up in ittoil^ doUL 

HEBSCHEI L'S AS TROWOWY, 

A. TRBA.TX0B OXT JKSVBOlV^lBTy 

BY RR JOam F. W. IIEiaCliELL, F. lU 0.^ Jfac 
I wrrn kumbbovi plaim jUiiiwooiM:imL 

A NEW EDITMIf, WITH A PREFACE AND A SBBOS OF QUESTIONS, 

BT 8.0. WALXBR. 
I» sue vstams, StaM. 
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LEA AND BI.ANCHARD'S PUBLICATIONS. 



LAW BOOKS. 



HILIIARD OR REAL ESTATE. 

NOW BEADY. 



TB2S AamsBZOAxr ZiAW OF as All PROPxnaiT. 

SECOND CDITION, RBVISfiO, COIRKCTED, AND ENLARGED. 

BY FRAHCI8 BILLIARD, 
ocHniHuuom at iaw. 

In two larye oeUTo Tolumet, beaut iAitly printed, and bound in baat law ihtepi 

This book is designed us a substitute for Cruise* t Digest , occupying the 
some eround in American law which that work has long covered in the 
English law. It embraces all that portion of the English Law of Real 
Estate which has any applicability in this country; and at the same time it 
embodies the statutory provisions and adjudged cases of all the States upon 
the same subject ; thereby constituting a complete elementar]r treatise for 
American students and practitioners. The plan of the work is such as to 
render it equally valuable in all the States, embracing, as it does, the pecu- 
liar modifications of the law alike in Massachusetts and Missouri, New 
York and Mississippi. In this edition, the statutes and decisions subse- 
quent to the former one, which are very numerous, have all been incorpo- 
rated, thus making it one-third larger than the original work, and brin^mg 
the view of the Uw upon the subject treated quite «)wn to the present time. 
The book is recommended in the hiebest terms by distinguished jurists of 
different States, as wiU b*««en by the subjoined extracts. 

"Thawotk before m sapplies Uii» defldeaqr ia • bigMy w titft c tw y —biwt. It is tMjrmid all 
qowtioii the best woik of the kind that we now hsTe, and aUhoagfa we doabt whether this or eay 
eCber work wiU be likely to lapplaat Craiae^ Digeel, we do aoC heittate to ny, that of the two, 
this is the mora TalaaUa to the American lawyer. We comxatolate the author npou the enciciwe 
fol aeoompUshmeiit of the arduooe taik he aadertook, in ledooinf the vart bo4y ot the Amerieaa 
Law of Real Property to 'portable nze,' aad we do not doabt that his lafaooa will be dnly appra- 
Giated by the profcaioa."— low Rqwrter, Ang-t 184& 



JndfB Story •aya:'^ I think the wwfc a Terr valnable addition t» on p w eeat stock of Joridical 
lllentnre. R embraoaa aU that pait of Mr. CtoIm^ Difsit which is BMit aesftil to Amerioia law- 
yers Bnt it* higher valae ii, that it piasenta in a ooncin, hot elaar aad ezaot Ifann, the ■obetanoe 
of American Law on the now »ahie<<> J kmm m mark Jkat we 9 t mtm, mkom9meUeal ii tflift r » 
JM!»lal««»<alflMtaBArAtt." " The wonder ii, that the anther has be« able lebrii« so grant a 
naaa into ao oondanaed a test, as ABO 



Chancellor Kent says of the wnik (Coaaatnlartaa^ vSL IL, » l3G,Mla, SCh editioB) :--^ It ii a walk 
of great laboor and faitrinaio vnlne." 



Ben. Raftis CboaU aaya i-^Ut. flBlaid% woric hni bean far three or ftrar yean m an, and 1 
think that Mr. Jnatice Sioiy and rhaaaailoc Vwei aipew thageneial optoioa of the MaaanrhaaettB 

Bar." 

r ro fa aao r Oreenlenf asya .— ^ I bad ataeady foaad the flnt edlthm a vmy eoava ai aBt book ei i«ib> 
xenoe, and do not doobt, from the appenianoe of the aaoaiid» that it is greatly improrad.** 

Profoaaor J. H. l\iwnsend, of Yale ColIegOt says >~> 

** I hare been arqoainted for eereral years with the flnt editioa of Mr. KlUaid^ TVeatiw, and 
haTBibmedaveryfafonntbleoptaionofit 1 have no doabt the ascend ediUon will be foonderwi 
more Taloable than the flnt,end I shall be happy to rseonunend it as I may hare opportunity. I 
know of no other work on the airiifeot of Beal Bibtte,80 coaqaehenalTe aad ao well adapted to the 
state of the law la this eaaatry." 



LEA AND BLANCHARD'S PUBLICATIONS. 



LAW BOOKS. 



ADDISON ON CONTRACTS. 



T&BATOKB OH VBB 



X.AW OF qO WTKA OWl JkXm 

BZ oonmukOTUa 



BY C. G. ADDISON, ESQ., 
Of the Inner Temple, Banirter at Jmw. 

Ib one ▼olame, octavo, bandeomely boand in law aheap. 

In this treatise upon the moet constantly and freaaently administered 
branch of law, the author has collected, arranged and aeveloped in an intel- 
ligible and popular form, the rules and principles of the Law of Contracts, 
and has supported, illustrated or exemplified them by references to nearly 
four thousand adjudged cases. It comprises the Rignts and Liabilities of 
Seller and Purchaser ; Landlord and Tenant ; Letter and Hirer of Chattels ; 
Borrower and Lender ; Workman and Employer; Master, Servant and Ap- 

Srentice; Principal, Agent and Surety; Husband and Wife; Partners; 
oint Stock Companies \ Corporations ; Trustees ; Provisional Committee- 
men; Shipowners; Shipmasters; Innkeepers; Carriers; Infants; Luna- 
tics, dec. 

WHEATON'S INTERNATIONAL LAW. 



OF ZKTBHlTATZOirAXi ZiA^T. 

BY HENRY WHEATON. LL.D., 

Minirter of the Unttsd Statee at the Couxt of Ruria, Ac. 

THIRD EDITION, REVISED AND CORRECTED. 

In one large and beautiAil octavo volume of 650 pages, extra doth, or floe law sheep. 

** Mr. Wheaton's work ii faidispenaable to every diplomatist, ttataimaa and lawyer, and neoeaaiy 
indeed to all pabUe men. To ereiy philosophio and liberal mind, the stndy must be an attractiTe 
aiid in the hands of onr anthOT it if a deligfaifti one."— y<rft ilmcrta^ 

HILL ON T RUST EES, 

A PRACTICAL TREATISE ON THE UW REUTING TO TRUSTEES, 

THEIR POWERS. DUTIES, PRIVILEOBS AND LIABILITIES. 

BT JAMES RXI.L, B8Q., 

Of the bmer Temple, Barrister at Urar. 

EDITED BT FRANCIS J. TROUBAT, 

OftheFldUidelphIn Bar. 

In one large octavo volume, beet law iheep, raised bande. 

* The editor begs leave to iterate the obeenratloa made by the author that the woric is intended 
prindpaUy for the instraaUoa and gnidaaoe of trustees. That single fSnton Teiy mnoh enhances 
tta practical valae." 

ON THE PRINCIPLES OF CRIMINAL LAW. 

In one 18ma volame, paper, price 85 eents. 
BEING PART IQ, 07 "SMALL BOOKS ON GREAT SOBJECTS." 



